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FOREWORD 

At  the  ai>proach  of  World  War  11  the  U-  S,  Army  Quartermaater 
Corps  began  a  review  of  clothing  for  cold  weather  operations.  Not 
only  were  the  meager  stocks  for  possible  Arctic  use  of  World  War  I 
vintage^  but  some  items,  such  as  buffalo  and^  pony  sWn  overcoats, 
dated  hsid/c  so  far  that  their  origin  was  uncertain.  To  meet  emergen<y 
requirements  of  troops  moving  into  Gr^land,  Iceland,  Alask^  and 
the  Aleutians,  it  was  necessary  to  purchase  many  olf-the-shalf  civilian 
items.  Advice  was  sou^t  from  mountaineers  and  polar  explorers; 
however,  subjective  taste  so  varied  their  recommendations  that  the 
sesultiag  composite  ensembles  were  ineffective,  confusing,  and  mih« 
tarily  impracticaL  Physiologists  vdio  were  consulted  for  an  objective 
evaluation  of  admitted  that  clothing  interfered  with  body 

function  during  tests  and  had  been  routinely  eliminated  from  their 
studies  of  the  funtmn  body.  Therefore,  lacking  any  true^  objective 
cwalnation  of  the  effectiveness  of  clothing,  the  Quai^rmaster  Corps 
set  op  its  own  Climatic  Research  Laboratory  at  Lawrence,  Massa¬ 
chusetts,  for  the  scientific  studj  of  clothing.  Other  physiological  lab¬ 
oratories  in  the  United  States  and  Canada  initiated  similar  efforts.  The 
National  Academy  of  Sciences — ^National  Research  Council  assisted 
these  efforts  through  consultation  and  coordination. 

The  problem  of  preparing  man  to  live  in  the  Arctic  became  a  major 
concern  of  the  Quartermaster.  By  the  end  of  World  War  II  the  Quar¬ 
termaster  Corps  had  attained  unquestioned  leadership  in  both  scien¬ 
tific  theory  and  items  produced.  Later  development  of  the  Natick 
Li^ratories  and  Cold  Chambers  continued  to  provide  the  (farter- 
master  Corps  with  superior  facilities  to  pursue  research  in  this  area. 

Knowing  that  no  field  of  research  can  safely  lie  dormant,  the  Quar¬ 
termaster  Corps  maintained  its  effort  to  advance  the  capabilities  for 
Arctic  living.  Recent  expansion  in  polar  interest  has  increased  the 
requirements  for  improved  living  conditions,  food,  clothing,  and 
shelter.  Solutions,  once  considered  adequate  because  of  their  substan¬ 
tial  advance  over  current  standards,  had  to  be  re-examined  in  due 
course  for  deficiencies.  Garments  and  equipment  which  required  that 
men  be  extensively  trained  in  their  safe,  efficient  use  or  needed  elab¬ 
orate  care  and  maintenance  in  order  to  provide  optimum  protection 
often  were  too  troublesome  or  dangerous.  New  knowledge  of  human 
physiological  and  psychological  requirements  and  adjustments  sug¬ 
gested  new  means  of  prepiiring  for  Arctic  living.  New  materials  and 
devices  made  new  approaches  possible.  Therefore,  the  concept  of  a 
conference  to  discu.ss  Man  Living  in  the  Arctic  was  ronsiderod  desir¬ 
able  by  the  Army,  the  National  Academy  of  Sciences — Naticnal 
Research  Council  Advisor>’  Boani  on  Quartermjwter  Research  and 
IHvelopment.  and  The  Arctic  Institute  of  North  America. 
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The  large  attendance  by  outstanding  anttcrltfca  on  many  facets  of 
polar  living  was  most  encouraging.  The  Amy,  the  Academy*Research 
Council,  and  The  Arctic  Institute  of  Nortt  America  express  sppre> 
datlon  for  the  Interest  shown,  the  hlidi  i^iadards  of  papers  presented, 
and  the  splendid  cooperation  of  the  Boston  Museum  of  Science  and 
others  who  contributed  to  the  success  of  tiw  conference.  Appreciation 
la  also  extended  to  Mr.  Lowell  Thomas,  iriio  so  ably  presided  at  the 
dinner  honoring  American  Arctic  pioneers.  The  slides  shown  at  the 
dinner  were  made  available  through  the  courtesy  of  the  National 
Geographic  Society  ami  the  Nation^  Archives. 

At  the  dinner  meeting  Bradford  Washhura  expressed  very  eflfcc* 
tlvely  our  tendency  to  needed,  the  past:  There  is  a  tragic  and  dan¬ 
gerous  philosophy  growing  in  America  today  which  tends  to  focus  all 
our  attention  on  the  present  and  the  future  and  to  relegate  the  past 
and  its  heroes  into  a  role  of  minor  importance  on  a  dynamic  scene 
where  today  and  tomorrow  are  all  that  amount  to  anything  at  all.” 
We  felt  accordin^y  that  at  this  occaskm  we  could  ”b^r  witness  to 
our  enthusiasm  for  the  past  and  its  heroes  and  to  rededicate  ourselves 
to  remind  our  country  t^t  without  the  past  and  its  succession  of  lead¬ 
en  in  affain  and  sdencs  and  exploration,  we  should  have  neither  a 
present  nor  a  future  that  amounted  to  anyfliing  at  all.” 

This  conference  was  an  effort  to  honor  the  contributions  of  our 
Arctic  pioneers,  take  stock  of  our  pres«it  capabilities,  and  look  for¬ 
ward  to  the  military  and  civilian  needs  at  the  future.  In  contrast  to 
the  former  concept  of  the  Arctic  as  a  hostile  wasteland,  avoided  by 
all  bi^t  bold  adventurers,  we  believe  that  we  are  striving  for  continued 
advance  of  man’s  successful  conquest  of  an  area  of  the  world  that  will 
sometime  be  a  populated  and  essential  part  of  man’s  habitat 

Paul  A.  Siplb 
Chairman 

Conference  Planning  Committee 
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Procfdtngt  ot  the  Conference 
on 

MAN  LIVING  IN  THE  ARCTIC 

SESSION  No,  1 
THEME:  THE  ARCTIC 
Paul  A.  Siple,  presiding 

Chainnan  Siple:  Ladies  and  gentlemen  it  is  with  pleasure  that  I 
welcome  you  to  this  conference  on  “Man  Living  in  the  Arctic,"  jointly 
sponsored  hy  the  National  Academy  of  Sciences — ^National  Research 
Council  Advisory  Board  on  Quartermaster  Research  and  Develop¬ 
ment,  The  Arctic  Institute  of  North  America,  and  the  United  Stat» 
Army  Quartermaster  Corps.  The  address  of  welcome  will  be  givcm  by 
Brig.  General  Merrill  L.  Tribe,  Commanding  General,  Quartermaster 
Research  and  Engineering  Command. 


ADDRESS  OF  WELCOME 

Bkigadisb  Gbnesal  Merrill  L.  Tribe 
Commanding  General 

Quartermaster  Research  and  Engineering  Command 
Natick,  Massachusetts 

I  am  not  only  pleased  but  delighted  to  welcome  you  to  this  confer¬ 
ence  on  “Man  Living  in  the  Arctic."  I  am  especially  happy  to  welcome 
so  many  visitors  and  conferees  from  Canada. 

At  a  conference  such  as  this  one,  we  have  the  opportunity  to  see 
old  friends  and  to  make  new  ones.  Most  important,  however,  is  our 
opportunity  to  exchange  ideas;  and  it  is  from  this  free  interchange  of 
ideas  that  we  derive  the  greatest  and  most  lasting  benefits  of  such 
a  conference. 

We  are  continuously  progx^ing  in  knowledge  and  techniques  for 
coping  with  cold  climate  living,  building  upon  work  done  and  out¬ 
lined  by  keen  and  far-sighted  people  such  as  the  late  Sir  Hubert 
Wilkins. 

Those  of  us  at  Natick  are  intensely  proud  to  be  part  of  the  Army 
Research  and  Development  effort.  We  have  a  singular  purpose; 
namely,  to  do  whatever  is  necessary  to  better  all  facets  of  the  life  of 
the  combat  soldier  on  the  field  of  battle.  While  many  incidental  ^ne- 
flls  may  accrue  as  a  result  of  our  work  here,  our  sole  objective  is  to 
insure  that  the  combat  soldier  is  an  efficient,  effective  fighting  man. 

From  today’s  newspapers  and  newscasts  one  can  easily  be  led  to 
believe  that  the  future  of  the  world  is  mast  uncertain.  Though  there 
is  much  uncertainty,  it  is  my  firm  conviction  thnt  we  are  living  at  a 


magnMeent  tima  In  history,  I  believs  that  for  tis  and  for  our  children 
the  future  has  never  held  more  promise.  I  believe  that  the  people  of 
this  country  and  our  allies  are  keen  and  courageous  and  have  the 
wisdom  to  do  those  things  which  can  and  will  accomplish  the  Ideals 
of  free  men.  The  future  presents  us  with  the  greatest  challenge  ever, 
and  we  In  the  research  and  development  Held  are  keenly  aware  of  the 
need  to  meet  It. 

We  are  pleased  that  this  conference  is  a  joint  eifoi't  by  the  National 
Academy  of  Sciences — ^National  Research  Council  Advisory  Board  on 
Quartermaster  Research  and  Development  as  well  the  The  Arctic 
Institute  of  North  America.  It  is  in  groups  such  as  these  that  the 
objectives  of  free  men  will  *  e  accomplished. 

At  this  time  it  is  my  pleasure  to  introduce  to  you  The  Quarter* 
master  General,  Iflajor  General  Andrew  T.  McNamara. 


THE  SIGNinCANCE  OF  LOGISTICS  IN  THE  ARCTIC 

Major  General  Andrew  T.  McNamara 
The  Quartermaster  General 
Department  of  the  Army 
Washington,  D.  C. 

Any  conference  such  as  ours  here  today  involves  a  tremendous 
amount  of  planning  and  preparation.  One  of  the  toughest  jobs  is 
establishing  an  orderly  and  comprehensive  agenda  that  covers  all 
aspects  of  the  subject  and  yet  does  not  unduly  restrict  any  indi¬ 
vidual  speaker. 

Since  I  did  not  personally  participate  in  the  detailed  development 
of  our  program.  I  am  free  to  compliment  all  concerned  on  a  master¬ 
ful  job.  If  everything  comes  off  as  scheduled,  this  is  likely  to  be  the 
most  worth-while  and  productive  meeting  of  its  kind  ever  held. 

As  a  matter  of  fact,  the  only  touch  of  confusion  I  noted  throughout 
the  entire  evolution  of  our  agenda  was  over  the  topic  assigned  The 
Quartermaster  General.  The  words  always  remain^  the  same,  but 
somehow  the  sequence  wouldn’t  stay  put. 

When  General  Tribe  first  discuss^  my  taking  part  in  this  confer¬ 
ence,  he  suggested  I  speak  on  “The  Significance  of  Loghtics  in  the 
Arctic."  The  ne.\t  time  the  subject  came  up,  it  had  been  changed  to 
“The  Significance  of  the  Arctic  in  Logistics."  When  the  first  draft  of 
the  official  program  reached  my  office,  I  was  listed  to  talk  on  “The 
Logistical  Significance  of  the  Arctic.”  The  last  letter  I  received  just 
betore  I  loft  Washington  put  it  back  to  “The  Significance  of  Logistics 
in  the  Arctic." 

The  reason  for  this  apparent  confusion,  of  course,  is  that  all  these 
approaches  to  the  subject  are  vali<l  and,  in  fact,  imperative.  Certainly, 
we  must  consaler  the  importance  of  the  Arctic  in  any  over-all  dis¬ 
cussion  of  logistics.  We  must  also  consider  supplies  and  equipment 


and  support  Mervieet-^hat  we  In  the  mHitaiy  cell  Jog4$tiea-^fn  any 
diaeaaahn  of  operstfons  In  the  Arctic 

For  the  purposa  of  this  conference,  I  think  we  can  diapenee  with  a 
detailed  analysis  of  why  the  Arctle  Is  Important  to  our  national 
security.  Your  presence  here  today  bapeaks  your  appreciation  of  that 
fact  The  late  General  ''Hap^  Arnold,  who  commanded  the  Army  Air 
Force  In  World  War  II,  said  that  If  Worid  War  III  ever  came.  Its 
strategic  center  would  be  the  North  Pole  His  prophetic  Insight  has 
been  borne  out  br  the  way  the  Arctic  has  evolv^  during  these  lnter> 
vening  years  from  a  fringe  area  In  our  defense  concept  to  a  major 
line  defense.  From  the  military  standpoint  the  question  is  not 
any  longer:  ''Are  we  going  to  set  up  shop  in  the  Arctic?"  We  already 
have.  The  problem  cow  is:  "How  can  we  continue  to  do  it  most  effi¬ 
ciently  and  effectively?" 

Th^  of  yon  who  knew  the  Arctic  in  the  days  of  the  American 
Pioneers  of  Arctic  Exploration,  whom  we  are  honoring  in  this  confer¬ 
ence,  may  find  the  Arctic  diffic^  to  recognize  today.  The  Arctic  is  no 
longer  thought  of  as  a  mysterious,  hostile  area.  Every  year  increasing 
numbers  of  Americans,  together  with  our  Canadian  friends,  are  learn¬ 
ing  to  live  in  the  Arctic  and  to  feel  at  home  there.  Today  more  than  a 
hundred  thousand  passengers  a  year  fly  over  the  polai*  route  between 
Europe  and  North  America.  If  yon  like,  you  can  fly  your  own  plane  to 
the  north  country  as  our  Qimrteimaster  consultant  Dr.  Terris  Moore 
did  merely  for  a  summer  jaunt,  flying  up  to  the  north  of  Ellesmere 
Island,  Northwest  Gr^cland  and  back  by  way  of  Alaska. 

For  successful  existence  in  the  Arctic,  a  steadfast  respect  for  its 
•  peculiar  characteristics  is  essential  In  my  opinion,  the  purpose  of  our 
gathering  here  this  week  is  to  understand  those  characteristics  more 
clearly  and  to  see  how  we  can  better  adjust  to  them. 

Before  I  outline  some  of  the  basic  problems  the  Army  faces  in  living 
and  operating  in  the  Arctic,  I  would  like  to  explain  why  the  Quarter¬ 
master  Corps  is  particularly  concerned  with  this  subject.  The  ironic 
truth  is  that  the  Quartermaster  Corps,  which  provides  such  routine 
items  as  food,  clothing,  and  field  shelter,  is  the  most  taken-for-graut^ 
technical  service  in  the  Army.  Yet  when  all  else  fails  in  the  field,  the 
Quartermaster  Corps  is  the  service  the  soldier  falls  back  on  as  his 
wurt  of  last  resort  Nowhere  is  this  truer  than  in  the  Arctic.  If  there 
is  no  normal  water  supply,  it  is  up  to  the  Quartermaster  Corps  to  pro¬ 
vide  drinkable  water  with  the  use  of  purification  tablets.  If  a  lighting 
system  does  not  work,  the  Quartermaster  Corps  is  expected  to  have 
lamps  or  candles  available.  ^Vhen  po^ve^  heating  gives  out  the  Quar¬ 
termaster  Corps  must  have  stoves  in  assorted  sizes.  When  shelter  is 
not  available  the  Quartermaster  Corps  must  provide  tents.  If  there  is 
no  vehicular  transportation,  the  Quartermaster  Corps  is  expected  to 
provide  sleds,  skis,  snow  shoes,  and  packboards  so  that  troops  and 
supplies  can  get  through.  If  there  is  no  chaplain  available  to  conduct 
the  burial  service,  an  officer  of  the  Quartermaster  Corps  a.viumes  the 
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respoiuiblllty.  In  other  wordi,  when  the  going  fete  rovi^  the  Qoarter- 
niMter  Corpe  moet  take  cere  of  the  in  the  Arctic  ae  well  ae  in 
the  other  parte  of  the  woriiL  The  Qnarterniaster  Corpe  most  be  ready 
to  meet  all  the  foregoing  neede. 

Soppliee  and  equipment  have  alwaye  been  of  prime  importance  in 
any  pattern  of  htunan  life  in  the  Arctic,  The  aborigine  wae  eelf> 
coffldent  from  local  reeonrcee,  getting  his  food  largely  from  the  ocean 
or  from  tite  hont,  obtaining  hie  transportation  from  his  dogs,  and 
making  his  shelter  from  the  snow  when  necessary.  The  early  explorer 
with  great  effort  had  a  year's  supplies  brought  up  by  boat,  laboriously 
moved  them  overland  fay  dog  tem  sled,  and  cached  them  on  the  trail 
for  use  on  the  return  trip.  Next  came  the  early  commercial  enterprises 
like  the  Hudson’s  Bay  Company,  which  developed  a  distinctive  but 
simple  supply  system  for  their  trading  posts  with  the  natives,  ex> 
changing  the  products  of  civilization  for  furs.  l^lnaOy,  we  have  the 
pattCT  our  present  military  services  have  developed,  with  our  vast 
and  intricate  supply  system  supportiug  sudi  mflita^  endeavors  as  the 
DEW  line  and  our  other  northern  military  bases. 

Our  future  Arctic  logistic  pattern  will  be  influenced  in  part  by  the 
future  economic  exploitation  of  the  area  and  by  the  extent  to  which 
regular  commercial  and  industrial  facilities,  adaptable  to  the  military 
in  time  of  emergency,  are  developed.  Today,  however,  the  Arctic  must 
be  considered  as  virgin  territory  in  which  the  military  services  must 
be  more  self-supporting  than  anywhere  rise  on  earth. 

Weather  and  terrain  wiU  always  partially  determine  military  capa¬ 
bilities  and  the  kind  of  logistic  support  required  in  the  Arctia  In  the 
past,  Arctic  and  Sab-Ar^*c  environments  have  prohibited  military 
operations  requiring  large  bodies  of  troops.  Since  small  forces  can  be 
tuMd  most  effectively  in  such  areas  without  serious  impairment  of 
their  striking  power  or  maneuverability,  our  first  concern  is  the  sup¬ 
port  of  these  small  mobile  forces,  up  to  a  battle  group  of  around  1,000 
men,  with  the  potential  capability  to  support  larger  forces  under 
special  circumstances. 

There  is  a  tendency  to  oversimplify  the  problem  of  logistic  support 
for  combat  forces  in  Arctic  and  Sub-Arriic  areas  by  saying  it  is 
entirely  a  matter  of  transportation.  While  transportation  is  important 
there  are  other  critical  elements  which  must  also  be  considered. 

Logistic  operations  in  the  Arctic  must  be  so  planned  that  troops 
have  adequate  supplies  to  fall  back  on  no  matter  what  tactical  situa¬ 
tion  develops,  no  matter  how  the  weather  may  change  through  sudden 
storms  or  during  the  transition  periods  of  spring  and  autumn,  and  no 
matter  what  distances  may  be  involved.  This  is  no  small  order.  It  will 
require  the  highest  degree  of  caioful  planning  if  it  is  to  be  success¬ 
fully  achieved. 

Ihe  a.xiom  in  Arctic  logistic  planning  is  that  we  must  get  along 
without  any  thing  which  is  not  absolutely  needed.  Attempting  to  supply 
ever)’  desirable  item  may  load  to  an  intolerable  aggregate  bunlen  on  the 


iogittte  $y»iem.  It  can  prove  a»  disMtroiu  to  provide  too  much  ae  too 
little.  The  determination  ot  what  ia  really  needed  !a  the  reiponaibility 
of  the  local  commander  and  the  supply  service.  Hanpower  will 
probal^  be  the  scarcest  resource  in  any  Arctic  combat  situation. 
Local  avaiiabilify  of  men  is  likely  to  be  so  limited  that  htman  effort, 
in  terms  of  the  expenditure  of  physical  and  mental  energy,  most  be 
conserved  at  all  coi^  In  short,  the  basic  problem  of  logistics  may  well 
be  not  supplies  and  e({nipment  but  the  lack  of  people  to  handle  them. 
Limited  manpower  makes  it  imperative  that  tmnage  capacity  in  the 
transport  system  and  for  replacment  and  repair  be  held  to  an  absolute 
minimum.  The  equipment  ^th  which  a  man  starts  a  campaign  must 
see  hhn  through  it.  Beplacement  needs  should  be  obviat^  ^  dura> 
bility  asad  reliability  of  the  initial  equipment.  Only  those  weapons  or 
items  of  equipment  which  can  cleariy  contribute  to  victory  in  combat 
should  be  supplied.  Everything  else  should  be  kept  out  >‘f  the  supply 
ryt/teai  ao  as  not  to  build  up  storage  of  unnecessary  items  at  the  base 
points  ot  combat  units. 

The  need  to  eliminate  non-essentials  from  the  supply  system  ia 
reinforced  because  there  are  special  items  which  must  be  available  if 
troops  and  i^pment  are  to  function  in  the  extreme  cold.  These  spe¬ 
cial  items  mt^  be  supplied  on  a  priority  basis  and  include  such  equip¬ 
ment  as  skis,  snow  ihoes,  sle^  ski  wax,  ice  angers,  ice  saws,  spare 
sld  bindings,  cram^ns,  tents^  tent  stoves,  and  fuel.  Where  there  is  a 
need  for  such  spe*^  equipment,  the  first  job  of  both  the  local  com¬ 
mander  and  his  supply  unit  ia  to  determine  what  items  can  be  left 
bdiind  without  impairing  the  combat  capability  of  the  unit 

Another  major  point  concerned  with  logistics  in  the  Arctic  is  aerial 
delivery  of  supplies  in  the  event  other  means  of  transportation  are  not 
available  Equipment  or  equipment  components  must  fit  economically 
into  loading  space  of  big  cargo  planes  and  also  Into  smaller  planes 
which  may  have  to  do  their  unloading  from  water  onto  an  unprepared 
beach.  This  “economic  fit**  requires  toe  utmost  care  in  planning. 

Bc»nse  of  the  unwrtainties  of  weather,  toe  enormous  span  of  the 
Arctic,  and  the  mevitrble  separation  of  combat  units,  each  unit  must 
be  capable  of  independent  operations  without  contact  with  its  normal 
base  of  supplies.  In  effect,  many  tactical  units  will  have  to  self- 
contained  in  the  field. 

Now  I  come  to  what  I  feel  is  the  gist  of  the  problem  in  Arctic 
operations.  In  the  Arctic  the  individual  soldier  comes  into  his  own  as 
the  critical  elonent  of  our  combat  forces  as  he  does  in  few  if  any 
other  areas. 

However  successfully  a  native  or  a  dedicated  explorer  may  combat 
the  environmental  forces  of  the  Arctic  and  come  out  on  top,  we  cannot 
expect  the  average  soldier  to  do  as  well  unless  he  has  bwn  properly 
trained  and  unless  he  has  supply  support  adequate  to  meet  his  essen¬ 
tia]  needs. 

By  training  and  discipline,  the  Arctic  soldier  must  be  taught  to  be 
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setf'ivlUnt  and  raoareefui,  mud  be  able  to  operate  hf  hbaaetf,  and 
rniiet  be  prepared  to  utilize  his  surroondlnga  to  the  maximam 
t»ge.  1  do  insist  that  he  be  abJe  to  shift  over  on  a  dap's  notiee  to 
aitlng  the  Eskimo's  mak>tal^  or  blubber,  or  the  lichens  from  the  rocks 
whidi  some  of  the  eariy  explorers  had  to  resort  to  for  food.  But  being 
temporarily  cut  off  from  his  logistic  support  should  not  preefude  his 
ability  to  function  as  an  effective  acJdier.  Similarly,  the  unit  to  which 
he  belongs  ^  lo  dd  be  able  to  man<eany  its  entire  combat  gear  and 
supplies,  if  the  situation  requires  it,  and  still  remain  effective. 

The  significance  of  logistics  in  the  Arctic  is  that  nowhere  else  on 
earth  is  an  Army  so  completely  dependent  npon  its  logistics  systcm-> 
not  only  for  its  effectiveness  as  a  fighting  force  but  for  its  very  exist' 
ence  as  a  community  of  human  beings. 

What  are  we  going  to  do  about  logistics  hi  the  Arctic? 

Some  of  the  answers  will  come  out  of  this  conference;  but  the  vust 
majonty,  I  am  snre^  will  crane  only  throngh  weeks  and  months  and 
years  of  determined  thons^t  and  effort  around  the  planning  tabies^  In 
our  research  laboratories,  and  in  our  plants  and  factories.  Every 
major  element  of  the  militaiy,  jnst  as  every  major  indostry  and 
brandi  of  science^  haa  a  role  to  play  in  this  seeking  of  solutionsk  Of 
an  tile  elements  of  the  Army  concerned  with  logistic  proi’ems,  there 
is  none  more  directly  and  spedflcaUy  responsible  than  the  Army's  vast 
resnrch  and  development  network-  If  we  are  to  roU  back  the  frontiers 
of  technology  and  emerge  into  a  brave  new  worid  of  Arctic  logistics, 
the  spearhead  of  our  atteck  must  be  our  research  program. 

There  is  no  one  more  intimately  acquainted  with  the  Army's  eur> 
rent  research  and  development  probtems  nor  more  directly  responsible 
for  the  Army's  dynamic  new  approach  to  their  solution  than  the 
man  we  are  privileged  and  hmoied  to  have  with  ua  today.  He  is 
Lieutenant  General  Arthur  G.  Trudeau,  Army  Chief  of  Research  and 
Development. 

Hea^g  one  of  the  largest  and  most  complex  military  subdivisions 
in  existence.  General  Trudeau  is  an  outspoken  advocate  of  efficiency, 
effectiveness,  and  economy. 

A  formidable  opponent  of  the  status  quo  attitude  in  research  and 
development,  this  ex-Vennonter  was  a  guiding  figure  in  Array's 
recent  reorganization  of  its  flve-yeaiM>Id  reseai^  and  development 
set-up.  The  purpose  of  the  leorganization  is  to  cut  drastioilly  lead* 
time  in  hardware  development  from  concept  to  production— or  as  he 
says  it;  "from  womb  to  boom.” 

His  effect  on  Army’s  research  and  development  people  and  machin* 
ery  has  already  been,  and  promises  in  the  future  to  be,  significant  and 
far  reaching. 

A  West  Point  graduate,  an  engineer,  a  topflight  staff  officer,  and  a 
combat  commander  who  has  twice  been  decorated  for  gallantry  in 
action,  he  is  uniquely  qualified  to  present  the  over-all  .\nny  picture  to 
this  conference. 
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SIGNinCANCE  OF  RESEARCH  AND  DEVELOPMENT 
!N  THE  ARCnC 

Lieutenant  Gmauv  Abthur  G.  Trudeau 
0/  Research  and  Development 
Department  of  the  Army 
Washington,  D.  C. 

1  was  tnily  pleased  when  General  McNamara  invited  me,  on  behalf 
of  the  Quartermaster  Research  and  Engineering  Command,  to  address 
this  conference.  While  I  have  been  in  all  of  our  Arctic  test  areas  at 
least  twice,  I  have  thvt  feeling  that  for  me  to  come  up  here  to  talk  to 
yon  distinguished  frigid-airs''  on  the  subject  of  the  signilicance  of 
research  and  development  in  the  Arctic  is—to  coin  a  phrase^like 
carrying  ice  cubes  to  Natick!  After  all,  you  are  the  recognized  experts 
to  whom  I  turn  for  advice. 

I  regard  a  situation  like  this  as  a  charter  for  me  to  cover,  in  gen¬ 
eral,  our  Army  Research  and  Development  Program,  emphasizing  our 
concepts  in  the  hope  of  arousing  in  you  that  deeply-needed,  ever' 
increasing  interest  in  our  problems.  In  this  connection,  1  know  your 
-deliberaticns  here  these  ne:d  two  days  will  give  you  added  insight  and 
win  stimulate  you  further  in  your  efforts  to  develop  and  refine  the 
protective  devices  we  so  desperately  need  to  do  a  job  in  an  almost 
fantasticaUy  hostile  environment. 

Certainly,  man  must  press  on  to  dominate  the  Arctic.  This  geo¬ 
graphical  area  has  long  resisted  ihe  most  heroic  attempts  of  man  in 
ships,  sleds,  and  planes.  Historically,  thousands  of  lives  have  been 
sacrificed  to  cold,  hunger,  and  disearc  in  a  no-quarter,  never-ending 
battle  aga'nst  nature  in  one  of  her  most  extreme  and  implacable  forms. 

Today  at  long  last,  with  modem  science  and  technology  literally 
exploding  in  all  field^  we  are  developing  the  means  to  conquer  this 
beautiful  but  biting  environment  We  must  conquer  it  because  there 
are  military  overtones  of  great  importance.  Any  map  projection  but 
Mer::ator  shows  that  the  Aietic  route  is  the  most  direct  line  of  attack 
between  the  North  American  continent  and  the  heart  of  the  Eurasian 
land  mass.  A  strategic  fact  of  such  importance  will  not  be  neglected 
by  those  enemies  of  the  Free  World  who  would  use  it  to  their  own 
advantage. 

It  is  known  that  the  Communists  are  expending  great  energy  in 
learning  how  to  overcome  the  natural  barriers  of  the  andic  and  polar 
regions;  and  we  know  the  Reds  Arill  not  hesitate,  if  need  to  employ 
their  combat  forces  in  this  environment.  For  tl^t  reason,  our  Army 
must  match  this  growing  Soviet  capability  and  continually  strive  to 
better  it 

We  dare  not  be  complacent  Our  past  and  present  achievements  must 
be  recognized  clearly  for  what  they  are:  beginnings,  just  beginnings. 

Although  we  had  a  brief  taste  of  Arctic  operations  after  World 
War  I  in  Siberia  and  northern  Russia,  our  Army  activities  there  really 
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date  back  to  World  War  IL  Daring  ttat  war  wo  had  sizablo  mllitair 
foreea  in  Alaaka  and  Greenland  learned  from  their  eseperieneea 
that  the  pemianently  ice<orered  Aretie  ia  no  military  play-^pen.  In 
fact,  winter  combat  operations  in  otter  areas— ’Western  Europe,  the 
Alertians,  and  later  in  Knres— etrombr  pointed  up  the  problem  that 
even  moderstdy  low  temperatares  serioMly  impede  the  movement  and 
effectiveness  of  ground  forces.  Trendi&ot  and  frostbite  were  daily 
terrors  to  the  troops.  Even  equipment  iboze  to  a  staggering  haft. 

After  Worid  War  U  we  moved  to  bnpeove  our  capacity  to  live  and 
operate  under  Arctic  conditions  by  otablishing  bott  a  training  and 
tertlng  fadlity  at  Fort  Greely,  Alaska.  Oaring  ^  same  early  postwar 
pmlod  we  collaborated  with  the  Csaadlsn  Army  in  establishing  a 
research,  development,  and  engineahv  test  site  at  Fort  Churchill  in 
fhr  north  Manitoba.  In  the  early  fifties  our  Ixansporation  Corps 
started  field  testing  equipment  in  Greenland.  The  responsibility  for 
coordinating  all  Greenland  tests  later  passed  to  the  Corps  of  Engi> 
neers,  now  assigned  primary  responsftfifty  for  Arctic  oonstmetion  as 
well  as  field  experimentation  hi  the  sretie  and  polar  regions. 

We  of  Army  Research  and  Devetopnwnt  have  continued  to  support 
an  Arctic  Fr^;ram  at  Fort  Greely  and  Fort  Churchill  and  a  Polar 
Program  at  Camp  Tuto  in  Greenland  and  out  on  the  icecap.  At  these 
sites  with  long  periods  of  continuous  cold,  our  test  schedules  worked 
out  many  months  in  advance  are  not  iqaet  by  the  effects  of  “unusual 
winter  thaw.** 

Next  month  the  Army  will  take  over  most  of  the  Air  Force  facilities 
at  Ladd  Field  in  Alaska.  We  shall  start  transferring  to  Alaska  some 
of  our  testing  previously  baaed  at  Fort  OturdiilL  We  plan  gradually 
to  extend  our  quest  for  knowledge  to  other  parts  of  the  Arctic  in 
Alaska,  including  the  Arctic  Basin  its^.  We  have  already  entered 
into  a  contract  with  The  Arctic  Institute  of  North  America  to  analyze 
the  problems  vdiich  the  Army  anticqntoi  in  operating  on  the  polar 
pack  ice. 

Army  research  and  development  dtorts  are  focused  primarily  on 
the  means  for  ground  forces  to  win  on  any  future  battlefield.  Our 
forces  must  have  the  means  to  move,  shoot,  and  communicate  concur¬ 
rently  any  time,  any  place,  and  under  any  conditions.  Our  Army  must 
have  the  finest  firepowe;',  mobility,  and  communication.^  for  its  forces 
wherever  they  fij^t — ^valley,  plain,  mountain,  desert,  swamp,  jungle, 
or  in  frozen  polar  wastes.  It  is  with  ttis  sense  of  mission  that  the 
Army’s  current  research  and  development  program  supports  exten¬ 
sive  investigations  in  basic  research  as  well  as  in  applied  research 
and  development.  The  scope  of  our  program  is  as  broad  as  man’s 
imagination,  for  our  primary  interest  h  in  the  soldier  and  what  it 
takes  to  sustain  him  in  any  hostile  environment. 

The  Army’s  efforts  in  basic  research,  to  penetrate  the  ever-shifting 
boundaries  of  science,  are  extensive.  We  devote  about  50  million  dol¬ 
lars  per  year  to  this  effort,  expended  through  more  than  5.50  labors- 
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iorfej,  unlvenfUtM,  and  fndtutrieaf  80  Amy  and  other  governmental 
installatioiM;  Mid  two  oteraeaa  remireh  ofllcM— ono  fn  Frankfort, 
Germany  and  the  other  fn  Tokyo,  Japan.  The  Army  fa  partfcalarfy 
aware  of  the  neeeaeity  for  baafe  research  and  wfll  eontfnae  to  stress 
ft  to  tha  Ifmft  of  avaf^Ie  fondfng.  Basfe  research  fa  the  key  to  fotare 
deretopmenta  and  to  the  realizatfon  of  radfcally  new  development 
concepts  and  designs. 

One  of  unr  mod  Important  baafe  areas  fs  cold  regions  research. 
Here,  the  Qoartermaster  Corps,  the  Corps  of  Engineers,  and  other 
Army  technicsl  services  are  conducting  a  program  to  determine  the 
requi  renumts  for  succesafni  arctic  and  polar  operations.  The  emphasis 
fs  placed  on  meteorology,  on  physiological  and  psychological  problems 
asAKfated  with  small  operations,  and  on  the  physical  properties 
of  snow,  ice,  and  frozen  ground.  An  interesting  part  of  this  investigS' 
tfon  is  in  Greenland,  where  the  rancept  of  living,  woridng,  and  travel¬ 
ing  beneath  the  snow  surface  is  now  being  stored. 

The  Army's  approach  to  research  and  development  fn  Greenland 
has  been  unique.  We  have  not  only  supported  basic  research  there,  but 
we  have  been  successftil  in  attracting  many  outstanding  scientists  to 
take  advantage  of  this  opportunity  to  study  the  region.  In  return,  we 
have  derived  rich  dividends.  We  have  improved  our  equipment  and 
techniques  for  living  in  the  arctic  and  polar  regions  and  have  con¬ 
ceived  many  useful  concepts  for  possible  militaiy  application.  The 
scientists  attracted  to  Greenland  were  challenged  by  &e  characteris* 
ties  and  behavior  of  snow,  ice,  and  permafrost.  Li  time  they  learned  to 
work  with  these  phenomena  and  to  develop  various  means  of  handling 
them.  As  a  result,  we  now  are  able  to  live  beneath  the  snow,  to  fly 
from  its  surface,  to  And  our  way  over  it. 

I  know  you  all  are  acquainted  with  Camp  Century,  the  city  under 
the  ice,  a  product  of  this  scientific  endeavor.  Although  Camp  Century 
of  today  is  an  experiment  in  living  on  the  Greenland  Icecap^  it  may 
well  be  the  prototype  of  actual  defense  posts  in  the  future.  I  had  the 
good  fortune  to  visit  Greenland  and  C^p  Century  in  October  and 
would  like  to  share  with  you  some  thou^ts  about  two  interesting 
developments  now  taking  place  there. 

One  is  the  testing  of  a  nuclear  reactor  presently  furnishing  about 
1600  kw  of  electricity  and  over  a  miliion  Btu  of  heat  per  hour  to  this 
research  city  under  tte  snow.  This  reactor  is  performing  exceedingly 
well  and  is  proving  that  military  installations  in  remote,  relatively 
inaccessible  locations  can  be  freed  from  continual  fuel  supply.  Con¬ 
sider,  if  you  will,  the  important  promise  nuclear  energ>*  holds  for 
Arctic  operations. 

The  second  is  the  deep  drilling  technique  our  Greenland  glaciolo¬ 
gists  are  using.  Through  funds  supplied  by  the  National  Science 
Foundation,  our  Snow,  Ice,  Permafrost  Research  Engineering  organ¬ 
ization  developed  a  thermal  drill  which  will  be  capable  f*f  [Huietrating 
the  thickest  portion  of  the  icecap.  This  drill,  while  I  wjw  there,  wjis 
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ntdiSng  a  dejrth  of  semsl  huiuired  feet  jod  extradfiiir  cor«  wunpYeo 
whfeh,  bjr  tho  best  estimation,  were  dated  as  formed  In  about  the  year 
106^  when  William  the  Conqueror  landed  In  Englami.  This  Is  only  the 
begfamlng’.  With  this  drill  we  hope  to  reach  depths  In  the  Ice  of  over 
10,000  feet  and  by  Isotopic  datlniT  of  tlw  cor^  and  possibly  pollen 
analyals  leam  more  a\>ct  the  dlmatlc  danges  over  the  ages.  At  the 
bottom  of  the  Icecap  will  be  other  data,  uauarred  by  the  elements  and 
civilization,  that  can  provide  valuable  Infonnatlon  about  the  geological 
structure  of  the  earth.  The  Implications  of  this  drilling  technique  are 
truly  Impressive  to  physical  and  social  sdntists  alike. 

Army  research  woric  in  Greenland  has  riready  contributed  to  other 
national  efforts.  Not  only  did  the  Army  work  there  plan  an  active  role 
In  the  International  Geophysical  Year  of  19S7«68,  brt  the  Navy  is  now 
applying  many  of  the  nnder-the«iow  coortmction  techniques  devel¬ 
op^  in  Greenland  to  its  rebuilding  of  the  Byrd  and  South  Pole  Sta> 
tions  In  Antarctica.  Adoption  of  these  tedtaiques  will  probably  extend 
the  life  of  the  Navy  under-snow  stations  on  the  polar  icecap  from  an 
expected  three  or  four  years  to  at  least  tea  years,  and,  in  addition, 
re^  In  substantial  savings  in  money.  Aho^  the  techniques  used  In 
the  Installation  of  the  portable  nuclear  power  reactor  at  Camp  Century 
are  being  adopted  by  the  Navy  at  McMurde  Sound  and  other  stations 
in  Antarctica. 

Another  research  area  of  related  interest  to  the  Ar  ctic  is  materials 
research.  We  know  that  our  engineering  design  prospects  are  inti- 
matdy  bound  up  with  the  improvement  of  existing  materials  and  with 
the  discovery  cf  new  materials  with  greatly  enhanced  properties  under 
an  eztretnea  of  temperature.  In  materials  research  in  plastics,  poly¬ 
mers,  ceramics,  and  metallurgy,  we  are  wiping  on  a  variety  of  cold- 
weather  approuhes.  I  am  pleased  to  report  that  we  are  achieving 
nnosually  good  cold-weather  performance  with  plastics  and  polymers. 

Other  significant  basic  reseiurch  of  interest  here  which  our  Anny  is 
conducting  in  medicine,  chemistry,  or  thennoibmamics  are  too  numer¬ 
ous  for  me  to  cover  in  the  brief  time  for  this  talk.  However,  what  I 
have  covered  should  indicate  that  basic  research  is  essential  for 
advancing  the  knowledge  of  Arctic  living  as  well  as  for  increasing 
the  operational  capability  of  military  forces  in  cold  regions.  These 
advances  illustrate,  moreover,  the  kind  cf  basic  research  effort  which 
is  necessary  to  fe^  the  insatiable  appetite  of  applied  research  and 
development  For  withe  ut  new  knowledge;  without  new  science,  ap¬ 
plied  research  and  development  is  limited  to  product  improvement 
Product  improvement  important  as  it  is,  will  not  put  us  out  in  front 
where  we  belong,  nor  keep  us  there. 

I  am  certain  that  to  this  audience  I  need  not  emphasize  the  impor¬ 
tance  of  learning  about  summer  conditions  in  the  Arctic.  The  tundra, 
the  muskeg,  the  boulder  fields,  and  the  countless  swamps,  lakes,  and 
ponds  provide  the  greatest  barriers  to  summertime  travel  in  the  high 
Arctic.  The  ice  break-up  season  ptwes  even  worse  problems.  Also, 
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ragged  Umin  tnd  e!ectro*nuignetie  pbenomefui  In  aoim  rtgioM 
fere  severely  with  communications.  And  the  presence  of  contlnwm 
dayiig^  in  summer  is  almost  as  unique  as  the  long  hours  of  darkness 
in  ^ter. 

Environmental  research  is  also  important,  and  we  are  pushing  It 
forwwd  to  tiie  greatest  extent  possible. 

Let  os  now  look  at  the  general  areas  of  interest  in  our  applM 
research  and  development  effort  in  the  classic  fields  of  military  «n« 
deavor:  firepower,  communications,  and  mobflit;^. 

All  the  new  equipment  soon  to  be  in  the  hands  of  troops — whether 
it  be  a  missile  bo(^ing  our  firepower  range  or  a  surveillance  dnme 
improving  our  target  acquisition  capability — most  meet  certain  low 
temperature  oriteria.  These  criteria  require  satisfactory  operation  of 
equipment  at  — 25**F  in  mid  latitude  tenons  and  at  for  equip* 
ment  designed  for  use  in  polar  and  aretie  regions.  Utilization  of  these 
temperature  extremes  haa  resulted  in  certain  problems.  We  have  found 
t^  some  new  equipment  under  development  will  perform  in  the  field 
under  slightly  less  severe  condition  tium  design  criteria.  Strange  as 
it  may  seem,  many  items  which  perform  well  in  laboratory,  engineer* 
ing,  and  user  tests,  including  the  use  of  cold  chambers  for  components, 
have  failed  in  the  field  to  meet  specifications.  Currently,  we  are  taking 
steps  to  correct  these  deficivmciea 

Communications  and  electronici  are  a  most  important  part  of  our 
applied  research  and  developc'  it  effort.  We  recognize  that  a  land 
force  cannot  navigate  on  or  over  any  terrain,  pi^cularly  in  the 
Arctic,  without  some  special  means  of  communication  rantrol.  Also, 
missiles  caimot  be  fired  effectively  without  electronic  devices  to  collect 
target  information  and  to  guide  the  missiles  to  the  target  Here, 
communication  satellites  will  ultimately  provide  a  reliable  and  efficient 
means  of  spanning  the  oceans  and  polar  regions  for  both  military  and 
commercial  purposes. 

Just  two  months  ago,  the  Advance  Research  Projects  Agency 
(ARPA)  in  our  Defense  Department  turned  over  to  the  U.  S.  Army 
the  |23  million  COURIER  and  the  gl74  million  ADVENT  communi* 
cation  satellite  programs. 

COURIER  is  the  first  important  satellite  conununication  system  to 
be  put  through  the  resear^  and  development  paces.  Thb  delayed* 
repeater  type  of  active  relay  system  is  capable  of  receiving  and  trans* 
mitting  in  one  pass  (about  a  five-minute  period)  almost  340,000  words 
or  the  equivalent  of  the  contents  of  the  Sunday  edition  of  "The  New 
York  Times."  This  amounts  to  over  1,400  words  per  second,  a  tremen* 
dous  increase  over  any  of  our  present  systems.  COURIER  will  con¬ 
tribute  immeasurably  to  all  future  communication  systems,  civil  as 
well  as  military. 

During  the  next  three-year  period,  it  is  expected  that  several 
COURIER  satellites  will  be  launched.  Each  communications  "pack¬ 
age"  will  be  developed  by  the  U.S.  Army.  Indispensable  to  the  success 
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of  COURIER,  1  most  add,  fuw  been  tho  aobr  battery.  The  more  than 
19,000  aolar  eella  which  give  the  COUjMER  aateillte  a  eellalar  appenr- 
aneo  repreaent  one  of  t^  real  achlevementa  of  ottr  time. 

Now  the  aateillte  eommtmicatlon  aystem  offering  the  moat  edvzn- 
tagea,  partlealariy  In  the  Arctic  la  the  ao-called  24-hoar  aatellite 
that  oompletea  one  rerofotlon  aroand  the  earth  In  the  aame  time  period 
that  the  point  below  it  on  the  earth  eompletea  one  rerolation.  Thia 
ayatem  la  hiown  aa  Project  ADVENT,  derigned  to  poaltion  a  micro- 
wave  coauamdeation*  relay  package  19,300  nautical  milea  above  the 
earth  l*.t  a  24d>our  orbit  IHiIa  la  traly  an  ambltlooa  program,  which 
win  pnobably  take  from  fhre  to  aa  many  aa  ten  yeara  to  complete  aae- 
ceaefaRy.  We  are  weO  on  our  way;  and  when  the  project  haa  been 
Inought  te  a  ’<xe8afal  conclualon,  we  wfll  have  practfcally  a  *^real- 
tfane**  global  communicatlona  eapiMlity,  aomething  that  aeemed  Im- 
pooalble  a  few  abort  yeara  avo. 

I  tom  now  to  mobility  In  the  Arctic. 

On  the  ground  we  are  aeeking  to  improve  all  our  8a::face  vehiclea. 
We  are  wmldng  toward  the  utiliaation  ot  large  wheela  and  low  profile, 
the  ntfliratioa  of  low  preaaure  tires,  and  the  utilization  of  a  family 
of  articulated  vehicles  such  as  the  RAT,  the  MUSK-RAT,  and  the 
MUSK-CAT.  — 

Yet^  paradorically,  for  better  ground  or  battlefield  mobility  in  the 
Arctic,  we  are  concentrating  on  the  air! 

We  are  woridng  to  develop  true  air  vehicles  that  will  fly  just  above 
the  **nap  of  the  earth,’*  permitting  the  combat  soldier  of  tomorrow  to 
overcome  normal  terrain  obstacles  such  as  snow,  mud,  swamps,  rivers, 
and  forests.  This  type  of  vehicle  will  have  the  take-oflf  and  landing 
characteristics  of  the  helicopter  coupled  with  the  advantages  of  the 
ftzed-wing  aircraft  in  forwaid  flight  You  have  probably  seen  pictures 
'>f  some  of  our  flying  test  beds  that  look  like  disks  or  platforms  pro- 
pdHed  1^  unusual  power  plants.  These  are  the  experimental  vehicles 
that  promise  to  give  the  answer  to  flying  low,  fast  or  slow,  and  quietly 
just  above  the  battlefield. 

Today,  we  have  several  research  test  beds  under  study  These  test 
beds  are  only  eu  approach  to  optimum  mobility,  not  in  any  sense  oper¬ 
able  military  aircr^t.  Some  have  wings  that  tilt,  others  have  ducted 
fans,  and  a  few  use  conventional  power  sources  and  schemes  of  flight. 
We  are  confident  that  some  of  these  approaches  can  be  developed  into 
high-performance  vertical  and  short-t^e^ff  and  -landing  aircraft  of 
all  sizes,  capacities,  and  ranges  to  be  used  for  numerous  ground  sup¬ 
port  missions. 

There  is  one  other  area  with  which  we  are  most  concerned,  and  that 
is  the  most  important  factor  on  any  battlefield  in  any  future  time — 
the  soldier.  In  the  Army  of  tomorrow,  the  soldier  will  still  play  the 
pmlominant  role,  regardless  of  the  nature  of  the  conflict.  In  any  war 
between  two  nations,  I  submit  to  you  that  men,  wcll-tmincfl  and  well- 
UmI,  are  still  the  key  to  final  victory  on  the  decisive  battlefield  and 
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that  a  Btrong  Army  fa  a  neecMaiy  and  fnndamantal  part  of  oar 
national  military  pt^nrs,  Deapito  condiciinflr  theories  of  strategy,  I 
know  of  none  brnh  enough  to  maintain  that  hostile  or  contested  terri> 
tory  can  be  taken  and  controlled  by  people  who  are  uot  physically 
prnwnt,  even  in  the  Arctic. 

The  soldier  on  the  ground  is  the  man  for  whom  we  try  not  only  t» 
develop  the  finest  weapons  systems  but  also  the  best  rations,  clothing, 
shelter  and  protective  devices;  for  whom  we  are  constantly  striving 
to  seeare  every  possible  advantage  in  fotare  combat  so  that  he  can 
perform  his  vit^  missions  and  carry  on  to  victory.  An  important 
objective  in  this  respect  is  to  lighten  the  load  the  soldier  must  carry. 

At  this  time  1.  wonld  like  to  congratulate  the  Quartermaster  Corps 
for  Its  many  achievements  which  have  aided  immeasurably  in  improv> 
Ing  man's  operational  capabilities  in  the  Arctic.  I  refer  particularly 
to  the  development  of  Improved  shelter,  clothing,  and  fbod. 

Now,  I  have  given  you  aa  much  of  an  insist  into  the  Army  Research 
and  D^elopment  Program  for  the  Arctic  as  the  clock  will  allow.  All 
our  woric  is  being  done  to  Insure  the  continued  defense  of  our  Nation. 
We  view  all  these  contributions  to  the  defensive  might  of  America  with 
pride.  Equally  important,  we  know  that  many  of  these  contributions 
will  be  used  for  ^e  pea^ul  benefit  of  manlrind. 

We  must  never  forget  for  a  minute  the  reason,  the  underlying  cause, 
for  oar  tremendous  military  effort.  We  must  not  relax  our  guard  nor 
our  efforts  to  build  continiuUly  better  defensive  forces. 

Today,  in  this  surging  era  of  great  change.  In  this  age  of  seeming 
grayness  and  indecision,  the  development  of  adequate  means  to  ad¬ 
vance  the  progress  and  security  of  this  country,  as  well  as  the  Free 
Worid,  is  well  within  our  capabilities  if  we  but  brow  our  strength. 

It  is  important  to  rsnember  that  in  the  fields  of  science  and  tech¬ 
nology  we  sti’l  have  significant  advantages  over  the  Communists.  We 
must  be  more  aware  of  these  superiorities  and  must  strive  not  only  to 
maintain  but  to  extend  them. 

Yours  is  a  field  of  effort  that  can  do  much  for  our  country.  Loo^ 
ahead  with  more  optimiam  and  push  Arctic  research  forward,  gentle¬ 
men.  This  is  a  satisfying  and  productive  service  you  can  render  to 
your  country  in  this  era  of  the  cold  war.  The  field  is  still  relatively 
untouched.  While  you  are  considering  the  possibilities  for  better  utili¬ 
zation  of  these  areas,  don’t  fail  to  consider  concurrently  the  denial  of 
such  areas  to  an  enemy. 

For  every  ounce  of  deterrence  we  build,  we  need  to  add  a  pound 
of  determination.  I  am  confident  that  as  the  new  year  dawms  and 
America  restudies  her  road  map  to  chart  a  new  route  there  will  be  a 
resurgence  of  those  spiritual  qualities,  bolstered  by  integrity  and  initia¬ 
tive  and  by  selfiessn<'’*a  and  sacrifice,  that  made  our  nation  great.  I.et 
us  with  pride  and  dauntless  courage  contribute  our  humble  efforts  to 
this  end.  The  goal  of  America  can  be  no  finer  than  the  soul  of  America 


Mid  this  approaching  Christmas  Season  should  be  a  time  for  both 
national  and  individual  contemplation.  Time  is  not  on  our  side  unless 
we  use  it  wisely. 

Thank  you  very  much. 


LIMITATIONS  TO  UVING  IN  THE  POLAR  REGIONS 

Paul  A.  Siple 
Army  Research  Office 
Department  of  the  Army 
Washington,  D.  C. 

Our  conference  on  Man  Living  in  the  Arctic  sets  up  fundamental 
goals  for  our  contemplation.  We  could  proceed  to  disoiss  the  time* 
honored  individual  factm?  which  limit  so-called  normal  operations; 
however,  they  seem  tube  so  obvious  that  they  need  hardly  be  men¬ 
tioned  before  an  audience  of  this  nature.  Darkness,  cold,  vast  unpopu¬ 
lated  areas,  wind,  snow,  ice,  crevasses,  swampy  tundra,  taega-forest^ 
over-abundance  of  water,  ice  break-up,  insect,  sparsity  of  economic 
opportunities,  and  high  cost  of  transportation  are  among  the  many 
factors  which  cause  limitations  on  living.  Through  ingenni^  we  have 
overcome  some  of  these  obstacles,  but  progress  is  still  required  in 
our  continued  search  for  improved  well-being. 

What  is  it  we  seek  towaH  making  the  Arctic  more  livable?  Cer¬ 
tainly,  in  the  last  decade  food,  clothing,  shelter,  lifting,  power,  sani¬ 
tation,  communications,  and  mobility  Imve  been  improved  immeasur¬ 
ably;  yet  in  all  of  these  items  further  improvement  is  desirable.  In 
fact,  ttose  people  in  research  and  development  may  have  cause  for 
disnuy.  Eadi  time  the  standard  of  living  is  elevated,  the  demand  for 
still  more  refined  improvement  doubles.  There  may  never  be  a  satis¬ 
factory  final  solution  to  the  unending  evolution  of  requirements  for 
adapting  to  living  in  the  Arctic. 

This  concept  of  a  progressive  need  for  more  complex  solutions  is 
contrary  to  the  need  of  simple,  austere,  and  practical  solutions  neces¬ 
sary  for  the  military  problems  clearly  outlined  by  Generals  Trudeau 
and  McNamara  in  the  preceding  two  papers.  The  military's  prime 
concern  is  the  soldier  as  an  effective  fij^ting  man.  Logistic  problenu 
inherently  restrict  the  soldier  to  essentials.  For  man  to  establish  a 
normal  civilization  in  the  Arctic,  it  will  be  necessary  to  provide  the 
comforts,  Cv*)nveniences,  and  social  mores  obtainable  elsewhere  over  and 
above  the  means  for  solving  the  unique  problems  of  the  Arctic.  The 
pioneers  of  civilization  have  aiwaj's  solved  their  problems  on  their 
ovTi  initiative.  We  at  this  conference  are  pioneering  to  make  this 
hostile  region  livable. 

It  is  only  when  man  attempts  to  conquer  his  envinmment  that 
progress  is  made.  Had  tho  proverbial  Garden  of  Eden  persisted  on 
ear^,  making  no  demands  on  the  inhabitants  to  obtain  clothing, 
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or  shelter,  there  might  hove  been  no  civilizathm  as  we  know  it.  The 
id)oHgines  of  Australia  have  existed  for  ages  unclothed,  unsheltered, 
and  reasonably  well  fed  by  gleaning.  They  are,  however,  generally 
accepted  by  anthropologists  to  be  the  least  advanced  membm  of  the 
hunan  race. 

As  Dr.  Stefansson  pointed  out  in  his  "Northward  Course  of  Em¬ 
pire,"  civilization  has  progressed  to  har'ib<>r  environments  where 
greater  ingenuity  is  required  to  survive.  Historically  weak  peoples 
vanquished  by  a  powerf'd  nation  were  forced  into  harsher  environ¬ 
ments  to  which  they  were  forced  to  adapt  Upon  meeting  that  chal¬ 
lenge  they  became  sufficiently  powerful  not  only  to  regain  their  lost 
lands  but  to  r'-^sh  beyond  their  original  boundaries  and  in  turn  force 
others  into  harsh  environments.  Step  by  step  we  can  trace  this  pat¬ 
tern  from  Egypt,  Crete,  Greece,  Rome;  France,  the  Byzantine  Empire, 
the  Germanic  nations,  England,  and  finally  to  other  continents,  l^e 
history  of  our  own  country  In  overcoming  the  problems  of  vastness, 
forest^  regions,  severe  winters,  led  to  the  development  of  railroads, 
highways,  automobMes,  airplanes,  radio,  TV,  and  a  host  of  other 
means  to  improve  the  standard  of  living:  We  too  have  become  power- 
fuL  Other  nations,  such  as  the  USSR,  have  been  forced  in  a  similar 
manner  to  develop  their  resources  to  solve  difficult  living  problems. 
'Kiey  also  have  become  powerfoL  It  is  obvious  that  once  a  nation 
becomes  complacent  and  ceases  to  apply  its  ingenuity,  it  may  face  the 
decline  that  other  nations  have  suffer^  in  the  past.  However,  positive 
reaMning  carried  to  a  logical  conclusion  can  but  lead  us  to  the  recog¬ 
nition  that  the  future  of  life  in  the  polar  regions  may  eventually 
become  brighter  than  appears  today.  Harshness  of  environment  is  a 
limitation;  but  if  overcome,  it  becomes  a  source  of  strength.  After 
all  who  is  to  say  that  the  temperate  regions  are  always  to  be  consid¬ 
ered  the  optimum  environment  when  at  one  time  they  were  less  desir¬ 
able  than  toe  tropical  locations? 

If  a  higher  civilization  is  feasible  in  the  Arctic,  why  has  it  not 
developed  there?  The  Arctic  aborigines  possessed  crafts,  arts,  and 
sidlis  superior  to  those  of  the  more  isolated  aborigines  in  temperate 
repens;  but  being  ignorant  of  more  favorable  environs  and  higher 
living  standards  elsewhere,  they  were  content  to  accept  the  many 
limitations  which  their  severe  climate  imposed.  Today  as  the  Eskimos 
learn  more  about  life  in  other  parts  of  the  world,  they  become  increas¬ 
ingly  discontent  wth  their  simple  way  of  life.  Thus  in  order  to  realize 
a  contented  future  Arctic  population,  it  will  be  necessary  to  provide 
all  "the  best  of  everything”  that  other  cultures  have  to  offer. 

^ye  recognize  the  major  motivating  forces  that  have  taken  modem 
civilized  man  into  the  polar  regions:  adventure,  economic  hopes,  popu¬ 
lation  pressure,  national  security,  scientific  quest,  premium  wages, 
and  even  escape.  But  what  keeps  a  population  in  a  pioneer  region  per¬ 
manently?  First  of  all  there  must  be  normal  f.'unily  life.  Most  of  our 
current  Arctic  military  and  scientific  activities  have  not  recognized 
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thfal  reqoimncnt.  Therefore,  even  the  men  who  enjoy  Arctic  exfatOTce 
are  foreed  for  personal  reasons  to  retreat  Secondly,  there  mw  be  a 
stable  means  of  providinsf  a  ]iveliho»)d.  Military  and  scientinc  ^orfc 
can  be  maintained  indeftnltely,  but  current  assignments  do  nrt  provide 
a  snfllcdently  seenre  career  basis  to  encourage  a  man  and  his  family 
to  ffudk'i  their  homo  in  the  Arctic.  Economic  pursuits  such  as  agriwl- 
ture  mining  cannot  yet  be  counted  on  to  provide  stable  employ^ 
ment  The  third  requirement  is  the  provision  of  ample  commurJcation 
and  transportation  networks.  Radio  does  permit  rc^isonsbly  gi^ 
and  airplanes  have  gone  a  long  way  toward  solving 
problems  of  isolated  communities;  brt  neither  of  these  has  reached 
the  stage  of  fulililing  the  daily  requirements  of  living  as  we  know 
them  in  the  temperate  r^ons. 

The  large  concentration  of  population  in  southern  Canada  is  cm- 
tented  and  stable.  At  one  time  southern  Ckmada,  where  pioneer  living 
was  very  difficult,  waa  considered  the  approach  to  the  Arctic.  How¬ 
ever,  the  inhabitants  have  long  since  devdoped  the  three  basic  require¬ 
ments  of  family  life^  liveUho^  and  a  communication  and  road  net- 
woric  Southern  Canada  is  now  accepted  as  part  of  the  temperate 
Wnnuiiii-  As  the  road  and  communication  networks  press  northwi^, 
aoamipanied  by  suitable  economic  and  social  foundationa  for  life, 
attainment  of  the  Arctic  becomes  reaL  This  progress  is  advancmg 
ateadOy  into  Alaalra,  parts  of  Greenland,  the  Scandinavian  counhies, 
the  USSR.  Our  own  North  American  Arctic;,  however,  fa  very 
sparsdy  popolated  and  will  continue  to  be  so  until  we  can  supply  the 
fnndamentd  demands. 

For  the  near  future,  particularly  in  order  to  solve  military  needs, 
W9  must  accept  stages  of  development  which  fall  short  of  the  ideal  for 
permanenqr.  ^e  Home  Guard  of  Finmark  who  protects  Northern 
Norway  is  a  stable  population  living  in  the  Arctic  region.  We  must 
eventually  look  to  Home  Guard*'  of  Alaska,  Northern  Canada,  and  the 
entire  Scandinavian  Arctic  as  the  sound  long-range  basis  for  military 
protection.  In  the  meantime  we  shall  have  to  accept  a  transient  mili¬ 
tary  population  to  guard  the  Arctic  frontiers  of  western  civilization. 
For  obvious  economic  reasons  we  shall  have  to  ir?et  the  military 
requirements  of  austerity  and  simple,  economic  solutions  far  short  of 
our  long-range  requirements. 

Actually,  civilization  of  the  Arctic  is  being  accelerated  by  this  mili¬ 
tary  effort  because  our  forces  must  live  and  function  in  the  Arctic 
and  adapt  to  its  limitations.  If  our  neighbors  across  the  Arctic  Ocean 
were  completely  friendly  and  the  only  stimulation  toward  progress 
were  that  of  economic  trade,  development  of- the  region  might  be 
extended  over  many  generations  and  be  slow  by  comparison  with  the 
strides  we  are  making  today. 

In  conclusion,  Man  Living  in  the  Arctic  is  a  problem  with  no  simple, 
quick  solution.  We  have  to  solve  some  of  the  same  problems  over  and 
over  again  until  we  can  Anally  fulfill  the  basic  requirements  to  make 
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tlM  region  acceptable  to  modem  man  and  give  him  motivation  to  stay 
there  permanently. 

C8iU*MAif  Sini:  The  next  epesker  thle  morning  !•  rnieono  who  hM  had  expert. 
Me*  la  looking  Man  la  manp  parte  of  the  world  md  aeelng  how  ha  reaeta  to 
Ua  earlronmewta.  Oar  apeaker  la  weU>eqalpped  to  agtaerlbe  acearatelf  the  Cold 
dlmata  Man.  It  la  a  pleaaare  to  Introdoee  to  jron  Dr.  H.  T.  Hammel,  Department 
of  Phjralology,  Unlreralt/  of  PenaajriTaaia.  Dr.  HammeL 


THE  COLD  CLDfATE  MAN 
H.  T.  Hammel 

University  of  Pennsylvania  Medical  School 
Philadelphia,  Pennsylvania 

Many  cultures  of  men  experience  exposure  to  the  cold  to  varying 
degrees;^  Not  only  men  living  in  the  Ar^e  but  men  of  cultures  found 
in  temperate  and  even  sub-tropical  zones  of  the  earth  may  be  cold 
exposed  iduring  some  time  of  the  day  or  year.  Physiologists  have  long 
been  aal^g  the  question,  "Has  this  exposure  made  these  men.  In  axiy 
way,  different  in  their  internal  physiological  adjustment  to  their  cold 
environment?" 

We  believe  that  man  is  essentially  a  tropical  animal.  Yet  cultures  of 
men  have  been  making  excursions  into  colder  parts  of  the  earth  for 
tens  if  not  hundreds  of  thousands  of  years.  For  the  pole-ward  move¬ 
ments,  he  has  depended  largely  upon  a  primitive  technology,  employ¬ 
ing  fire,  garments  of  fur,  and  shdters  constructed  of  available  mate- 
riids.  Since  his  technology  was  not  always  sufficient  for  the  climate, 
some  degree  of  cold  exposure  was  experienced  by  these  roving  cul¬ 
tures;  so  our  question  is,  again,  "In  whut  way  and  to  what  extent 
has  exposure  to  cold  rendered  these  men  different  from  the  tropical 
inhabitants?" 

Many  investigators  have  attempted  to  find  answers  to  this  question. 
I  am  going  to  bias  this  presentation  by  limiting  my  discussion  to  those 
'..udies  which  have  been  accomplished  under  the  direction  of  Schol- 
ander  and  his  collaborators  who  have  undertaken  a  physiological  sur¬ 
vey  of  many  cultures  of  men  exposed  to  cold.  The  first  chore  was  to 
devise  some  simple  field  technique  which  would  be  adequate  for  getting 
the  answers.  This  task  was  accomplished  while  working  with  a  group 
of  eight  Norwegian  young  men  who  were  exposed  to  moderate  cold 
during  autumn  in  the  mountains  of  Norway  (1).  Tliese  men  were 
exposed  to  cold  simply  by  withholding  from  them  adequate  insula¬ 
tion  for  the  type  of  climate  they  were  to  endure  for  six  weeks.  At  ten- 
day  intervals  they  would  return  to  a  laboratory  set  up  in  a  resort  hotel 
in  the  mountains  of  southern  Norway  where  both  oxygen  consump¬ 
tion  and  bo<ly  temperatures  were  measuml  throughout  eight  hours 
of  moderate  cold  exposure  at  night. 

During  the  experimental  perhxl,  tao  subject  lay  on  a  cot  with  hla 
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head  In  a  ventilated  hood  similar  to  that  idiown  in  FI?.  1.  Since  the 
night  temperature  was  near  freezing  (average  about  iTC),  the  micro- 
environment  was  moderated  by  pladng  the  cot  in  an  unheated  tent 
and  enclosing  the  subject  in  a  single  woolen  blanket  and  windproof 
cloth  (insulation  of  blanket,  thin  cloth,  and  overlying  air  was  2.0  do.). 
The  volume  of  air  ventilating  the  hood  was  collk*!^  in  a  spirometer 
for  ten  minute  periods  and  analyzed  for  0*  and  COi  content.  Fig.  2 
illustrates  the  methods  used  for  metabolic  determinations,  aithoosdi 
the  scene  Is  from  a  later  expedition  to  southern  Chile,  Rectal  and  skin 
temperatures  were  measur^  at  half  hour  intervals  throughout  the 
night  with  thermocouples. 

The  thermal  and  metabolic  responses  of  the  acclimatized  and  the 
control  groups  are  exemplified  in  F!g.  3  by  results  for  one  individoal 
from  ea^  group.  The  metabolism  and  heat  production  of  the  acclima- 
tized  group  was  a  little  higher  than  the  metabolism  of  the  control 
group  espedally  during  the  first  part  of  the  m'fdit,  and  the  sldn  tem¬ 
peratures  were  a  little  higher  in  the  acclimatized  individuals.  There 
was  no  difference  in  the  rectal  temperatures  of  the  two  groups.  These 
findings  were  interpreted  to  mean  that  modem  Europeans  exposed 
niid^tly^  to  moderate  cold  for  a  few  weeks  become  acclimatized  by 
increasing  their  capacity  to  produce  heat  in  order  to  maintain  a 
warmer  skin  temperature.  This  is  metabolic  acclimatization  rather 
than  insulative  acclimatization  wherein  the  metabolism  would  remain 
basal  or  resting  as  the  skin  temperatnre  cooled. 

One  of  the  results  of  the  study  Ou  the  young  men  exixMed  to  cold 
on  the  Hardanger  Vidda  of  southern  Norway  was  that  we  had  a 
discriminating  field  method  which  could  be  used  to  survey  the  thermal 
and  metabolic  responses  of  a  number  of  ethnic  and  cultural  groups. 
The  first  such  group  investigated  was  the  aborigine  of  central  Aus¬ 
tralia  in  the  wintertime. 

Winter  is  the  dry  season  in  the  semi-desert  of  central  Australia. 
The  minimum  night  temperature  ranges  from  a  few  degrees  be'ow 
freezing  up  to  12®C  with  a  mean  minimum  temperature  of  4*C.  The 
sky  is  always  very  clear,  and  the  radiant  temperature  of  the  zenith  is 
nearly  always  20®C  below  the  air  temperature.  The  sleeping  habit  of 
the  aborigine  was  to  lie  naked  between  two  small  fires  behind  a  low 
windbreak  of  brush  and  unshielded  from  the  cold  sky.  With  sufficient 
attention  given  to  the  fire,  the  micro-environment  of  the  sleeper  can 
be  maintained  within  the  thermal  neutral  zone  for  even  the  white 
man.  Although  the  experience  of  excessive  warmth  on  one  side  and 
marked  coolness  on  another  is  strange  indeed  to  the  latter,  there  is, 
however,  inherent  in  this  manner  of  sleeping  a  tendency  to  cold  expo- 
.sure.  The  fire  Is  unattended  and  diminushes  its  radiant  heat  output 
-  When  sleeping,  the  sleeper  cools  until  he  is  aroused  by  the  discom¬ 
fort  to  attend  the  fire  again.  A  lifetime  of  this  pattern  of  sleeping  lea<is 
to  an  Individual  who  is  chronically  expased  to  periorllc  cold.  Genera¬ 
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Fiorm  1.  Ventilated  hood  and 
thennoeonplea  on  cot  inaido 
tent.  Sobjeeta  lajr  on  eot  in> 
aide  n  woolen  blanket  bnr 
with  thin  wind  protector. 


Ficurs  Z  Inaida  field  labon* 
torp  at  Puerto  Eden,  Welling<> 
ton  laland,  Chile  ahowiajc 
portable  apirometera  and 
Seholander  O.See  gaa  analyzer 
in  uae. 


tions  of  this  “proper  bush"  sleeping  has  produced  a  culture  of  cold 
exposed  people. 

Usinff  methods  similar  to  those  employed  with  the  youni;  Norwe- 
idnns,  the  thermal  and  metabolic  reaptJnses  of  the  central  Australian 
aborivine  were  measured  durintr  a  night  of  mcxlerato  cold  exposure 
(2).  The  natives  and  the  contrtd  white  subjects  .slept  on  cots  ami 
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Fiotin  3.  Ozytta  eonsiuaptioB  ud  body  teaptrstans  of  Mclinuitiiod  Norw«gisn 
stodeat  and  eoat^  tnbjeci  dnriait  a  aipht  of  aMderata  cold  cxpo- 

aoia.  Air  Tbnpocatara  about  S*C. 


inside  a  blanket  and  a  thin  doth  wind  protector  (total  insulation, 
induding  still  air,  equal  to  1.9  do).  They  were  shidded  from  the 
sky  and  wind  so  that  the  thermal  sti^  came  only  from  the  low  night 
air  temperature  (0  to  5^C)  moderated  by  the  woolen  blanket 
The  average  responses  of  six  natives  and  four  white  subjects  ar^ 
shown  in  Fig.  4.  After  the  first  hour,  the  controls  responded  by  bursts 
of  shivering  or  other  musccJar  activity  which  increased  their  meta¬ 
bolic  rate  from  10^  to  90^  above  basal,  averaging  about  30%  above 
basal.  The  natives  responded  with  little  or  no  metabolic  compensation 
resulting  in  a  greater  fall  in  core  and  skin  temperatures.  By  increased 
heat  production,  the  white  subjects  were  approaching  thermal  equi¬ 
librium  with  the  environment  white  the  natives  continued  to 
heat  content  throughout  ths  night  The  cold  exposed  Australian  aborig¬ 
ine  exhibits  insulative  aedimatiution  rather  than  metabolic  accli¬ 
matization  as  was  seen  in  the  cold  exposed  Norwegians.  Tho  conduc¬ 
tance  of  tho  body  shell  between  the  core  and  akin  surface  was  approx- 
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FKan  4.  Attnt*  thennal  and  aetabolie  icaponaea  of  six  eeabral  Auatniiaa 
aborigiaea  (solid  liaea)  and  fonr  eoatrol  white  sabjeete  (brokea  liacs)  dnriag  a 
ai|^t  of  Bu^arate  cold  nporan  la  tho  wiater  seasoa  Tr  —  rectal  tempcxatnie, 
Tk  s  aeaa  body  teapemtore,  T.  a  averago  slda  teaporatan^  Met.  s  heat  pro* 
dnetioa  la  Cal/a*/hr,  aad  Cob±  »  eoadaeteaco  of  heat  ftaa  cor*  to  slda  la 
Cal/B*/hr/*C.  Air  teapentato  about  S*C. 


imately  30%  less  in  the  natives  than  in  the  white  subjects,  supporting 
the  statement  that  the  natives  showed  insulative  acclimatization. 

A  second  expedition  to  Australia  (3)  was  undertaken  to  deter¬ 
mine  a)  whether  the  greater  body  cooling  without  metabolic  com¬ 
pensation  was  seasonal  in  the  central  aborigine,  or  persisted  in  the 
summer  to  the  same  degree  as  in  the  winter  and  b)  whether  this  con¬ 
dition  would  be  found  in  the  tropical  coastal  tribes  of  northern 
Australia  where  the  natives  do  not  experience  cold  exposure  during 
the  summer  nights  and  may  not  experience  chronic  cold  during  any 
period  of  their  lives.  The  experimental  procedure  for  the  second 
Australian  study  differed  in  no  essential  way  from  the  flrst  except  that 
the  thermal  str^  in  the  summer  study  was  obtained  by  placing  the 
sleeping  cots  inside  a  refrigerated  meat  van,  maintained  at  5'’C 
throughout  the  night. 

The  average  thermal  and  metabolic  responses  of  seven  central 
Australian  aborigines  in  the  summer  and  six  white  subjects  to  mod¬ 
erate  cold  exposure  at  night  are  shown  in  Fig.  5.  The  response  of  tho 
native  was  the  same  in  the  summer  as  in  the  winter,  that  is,  greater 
bod>’  cooling  than  the  control  whites  and  no  metabolic  compensation. 
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Ficms  S.  Avene*  theimal  and  metabalie  rapenacs  of  sms  ecatnl  Anatnlian 
aborigines  (solid  lines)  snd  six  control  while  sabjects  (broken  lines)  daring  a 
ni|ht  of  modents  eold  exposore  in  the  sanuaer  season.  Abr  tenperstnrs  abont  S'CL 

The  absence  of  seasonal  variation  in  responses  to  cold  indicates  that 
the  inaulative  acclimatization  is  either  a  radal  characteristic  or  that 
there  was  no  seasonal  difference  in  the  cold  exposure  in  the  sleeping 
environment  so  that  the  response  was  dne  to  a  lifetime  of  cold  expo* 
sure  which  would  be  reduced  or  absent  in  central  natives  moving  to 
the  tropics  or  in  tropical  natives.  The  combined  meteorological  data 
and  tile  sleeping  customs  of  the  desert  natives  indicate  that  there  was 
probably  little  or  no  seasons'  variation  in  the  sleeping  environment. 
The  minimum  night  temperatures  in  summer  ranged  from  11°C  to 
27*’C.  The  annual  rainfall  of  about  10  inches  fell  in  the  summer. 
However,  the  sky  was  mostly  clear  with  a  radiant  temperature  of 
20‘’C  below  ambient  temperature,  whai  not  raining.  The  natives  use 
fires  less  in  summer  than  in  winter  aid  may  be  as  cold  exposed  in 
summer  as  in  winter. 

To  leam  if,  or  to  ivhat  e.xtent,  the  tnsulative  acclimatization  i.<i  a 
racial  characteristic  and,  therefore,  an  adaptation  to  add.  .similar 
measurements  were  made  on  aborigines  living  an>und  Darwin.  In 
summer,  these  natives  experienmi  no  cold  exp«K'iure  at  all  since  they 
were  sleeping  in  enclosures  and  the  mean  minimum  night  tempera* 
turc  was  26^C,  ranging  from  22^*0  to  29  C.  Summer  was  the  mon* 
soon  season;  the  air  was  humid  ami  the.sk>*  hazy.  In  winter,  however. 


they  could  have  experfenced  cold,  and  some  of  our  sub/ecta  had  been 
eold  The  minimum  night  tempesature  waa  20**  ±  and  ihe  akjr 
waa  clear  and  cold. 
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Ficeu  e.  Avcrsfe  tfaenaal  and  metsbolie  reaj^caaes  of  niao  tropical  Ajatraliaa 
aborifinoa  (solid  liaos)  aad  six  eoatrol  irhita  subjeeta  (brokea  liacs)  during  a 
aiidit  of  aioderata  cdd  exposure  ia  the  snauaer  seaaoa.  Air  teaiperature  about  6*C. 


The  average  thermal  and  metabolic  responses  of  nine  tropical 
aborigines  to  cold  are  shown  in  Fig.  6  and  are  compared  with  the 
control  whites.  The  metabolic  response  of  the  tropical  natives  was 
intermediate  between  the  central  natives  and  the  control  white.  The 
average  skin  temperature  fell  a  little  more  than  the  skin  of  the  whites. 
The  rectal  temperatures  were  not  significantly  different  throughout 
the  nitdit.  The  conductance  of  heat  through  the  shell  \vas  about  30% 
less  than  for  the  white  and  the  same  as  for  the  central  natives  both 
summer  and  winter.  The  intermediate  position  of  the  tropical  aborig* 
ines  suggests  that  insulative  acclimatisation  ia  a  racial  characteristic 
although  the  extent  of  body  cooling  before  metabolic  responses  occur 
may  be  increased  by  chronic  cold  exposure  in  the  night  environment 

Is  insulative  cooling  the  only  tj’pe  of  ncclimntizntion  or  adaptation 
to  cold  to  be  found  in  primitive  cold  exposured  cultures  or  is  metabolic 
acclimatization  to  bo  found  also?  Tho  answer  to  this  question  was 
obtained  by  proceeding  to  the  Strait  of  Magellan  (-1). 

Living  on  the  islands  in  the  Archipelago  south  and  west  of  conti* 
nental  ^uth  America  were  three  primitive  Indian  tribes:  Ona, 


Yaghan,  and  Alacaluf.  The  Ona  Indins  Bved  in  the  Interior  of  the 
Grand  laland  of  7lem  del  F^tego;  the  Yaghana  lived  along  the 
Beagle  CharniA  on  the  aonthem  eoaat  «f  Grand  laland  of  Tlerra  del 
Fuego  and  along  the  coaata  of  lalanda  mnhig  westward  to  Brecknock 
Peninaula.  Along  tho  channela,  among  the  lalanda  stretching  north> 
ward  for  approximately  300  inilc%  was  another  culture  enf  canoe 
Indiana,  the  Alacaluf.  At  present  then  an  probably  no  more  than 
two  or  three  Onaa,  a  halt  dozen  Ya^fkaBa  and  approximately  50 
Alaealnfa. 

The  climate  of  the  Archipelago  la  laigdiy  determined  by  the  low 
aonthem  latitode  and  the  winds  off  the  Aatarctie  Ocean.  The  tempera'^ 
tores  recorded  at  Meteorological  StatumatPoerto  Eden  on  Wellington 
laland  revnl  that  diomal  variations  and  seasonal  variations  are 
remarkably  small.  Even  in  winter  the  aaddent  temperatore  is  regn> 
larly  a  llt^  above  freezing.  The  cnpleaaaat  aspect  (ff  this  climate 
which  la  now  legendary,  resets  from  the  rain  frequently  mixed  with 
aleet  or  snow  and  the  wind.  The  rainfid  for  Pnerto  Eden  is  over 
100  inches  annnally  and  falla  nearly  amfimnly  throu^out  the  year. 
Not  infrequently,  the  winter  predpitaihai  will  fall  as  a  ligkt,  short¬ 
lived  cover  of  snow  at  sea  leveL 

To  the  chilling  influence  of  the  rain,  tiie  overcast  sides,  and  the 
near-freezing  temperatures  are  aihfed  file  frequent  win<^  Winds 
through  the  channels  can  blow  with  snflkaait  vigor  to  make  life  in  an 
open  canoe  a  chilling,  if  not  a  treadieioaa^  experience.  Althoufld^  the 
cthnate  can  be  little  more  than  wretched  to  a  poorly  clothed  man 
caught  on  the  open  channel  or  isolated  oa  a  barrm  ro^  island,  the 
weather  can  also  be  as  comforting  or  as  invigorating  as  a  day  in 
spring  in  the  more  temperate  regions  of  file  earth  if  the  air  should 
be  cato  and  the  sun  shining.  Even  as  its  worst,  a  dry  wind-tight 
shelter  with  a  modest  fire  is  enough  to  mitigate  the  chill  that  exi^ 
outside. 

The  average  heat  production  and  body  temperatures  of  nine  Ala¬ 
caluf  Indians  during  a  night  of  cold  eqwsure  are  shown  in  Fig.  7. 
The  methods  employed  for  measuring  oxygen  consumption  and  body 
temperatures  were  identied  to  those  used  in  the  previous  studies  on 
the  Austrialian  aborigine.  During  the  odd  exposure,  the  subjects  slept 
or  rested  on  a  canvas  cot  in  an  unheated  tent  The  tanperature  inside 
the  tent  was  in  all  cases  between  2*  and  Each  subject  was  inside 
a  sleeping  bag  made  of  a  woolen  blanket  and  a  wind  cover  (total  insu¬ 
lation  about  2  do).  Also  shewn  in  Fig.  7  are  the  average  responses 
of  six  Indians  who  were  studied  again  white  sleeping  without  cold 
exposure.  For  these  measurements,  the  subjects  lay  on  a  mattress  and 
were  free  to  use  as  many  blankets  as  required  to  remain  comfortable. 

The  metabolic  rate  was  found  to  start  at  about  60  Cal/mVhr  or 
about  160^  of  the  average  white  man's  basal  metabolic  rate.  The 
metnboli.Hm  gradually  declined  throughout  the  night  of  ct>ld  exp<Kiure 
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Ftcon  7.  ATcnf*  thcraal  and  raetabolie  mpotum  of  niaa  AJacalaf  ladiaaa 
dorfac  a  nli^t  of  modenite  eold  opootcro  (lond  liaaa)  and  of  siz  Indiaaa  darinir 
a  Bight  of  wana  czpoaim  (brokea  lines)  ia  tha  wiater  aeaaoa.  Air  tcnpcratoro 

aboat  S*C. 


to  about  so  Ca]/m*/hr.  Although  the  Alacaluf  would  add  a  few  bouts 
of  shivering  on  top  of  his  resting  or  sleeping  metabolism,  the  trend 
in  his  metalwlism  was  downward  as  the  nii^t  pxogressed,  falling  to 
about  the  sam^  level  of  heat  production  to  which  the  white  man 
would  increase  his  metabolism  by  the  end  of  a  night  of  moderate  cold 
exposure. 

The  course  of  the  rectal  temperature  of  the  Alacaluf  was  not  diifer* 
«tt  from  the  white  man’s  temperature,  starting  above  37**C  and  falling 
to  and  remaining  at  36.2*’C  for  most  of  the  night  The  average  sldn 
temperature  fell  to  about  the  last  hours  of  the  night  or  about 
l^’C  below  the  white  man’s  average  skin  temperature  aher  a  night 
of  cold  exposure.  On  the  other  hand,  the  foot  temperatures  of  the 
Alacaluf  did  not  fall  below  IS'^C,  a  level  that  ia  2**  to  3°C  higher  than 
the  white  man’s  foot  temperature.  The  integrated  effect  of  the  higher 
over-all  metabolism  and  the  slightly  lower  average  skin  tempc  rature 
was  a  body  conductance  for  heat  flowinr  from  core  to  periphery 
which  was  a  little  higher  than  the  body  conductance  of  the  unaccli- 
matized  white  man  during  the  latter  half  of  the  night. 
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Tlw  A!aesltif«  show  some  similarity  to  the  eold  aodimatized  Nor< 
wei^  stadents  in  that  both  groups  initiated  the  night's  sleep  with  a 
very  hifl^  metabolic  rate.  Both  groups  were  sl^  to  sleep  better  than 
control  white  men.  The  rectal  temperature  of  both  groups  was  the 
same  and  the  foot  temperature  of  b<^  groups  was  higher  than  that  of 
the  unacclimatized  white  man. 

The  metabolic  rate  of  the  average  Alacaluf  during  a  warm  night 
was  not  distinguishable  from  the  rate  duriiv  *  cold  night.  His  rectal 
temperature  leveled  off  to  about  Z<i.VC  hi  the  warm  run  and  his 
average  skin  temperature  was  between  34*  and  35*C.  There  was  a 
gradual  increase  in  body  heat  content  for  tiie  first  two  hours  of  the 
warm  night;  thereafter,  it  was  nearly  constant  'The  body  conductance 
while  sleeping  warm  was  2  to  3  times  the  cmductance  in  the  cold 
environment  showing  that  the  vascular  qrstem  is  vasodilated  during 
comfortable  sleep. 

Both  native  North  American  Arctic  inhafatants,  the  Indian  and  the 
Eridmo,  have  been  studied  by  methods  rimilsr  to  those  already  dis¬ 
cussed.  The  riiermal  and  metabolic  responses  of  the  Old  Crow  Indians 
of  the  Yukon  Territory,  during  a  ni^t  Of  moderate  cold  exposure 
were  measured  by  Irving  (5)  in  the  autumn  and  again  in  the  spring 
by  Eisner  (6).  The  average  metabolic  response  of  nine  Arctic  Indians 
in  the  autumn  during  a  night  of  cold  exposure  is  shown  in  Fig.  8.  For 
comparison,  the  average  response  of  the  sanm  Indiana  during  a  warm 
ni^t  and  the  average  response  of  seven  urban  white  control  subjects 
to  both  warm  and  cold  exposure  are  also  shown  in  Fig.  8.  In  the  same 
figure,  the  average  metabolic  response  of  the  Indians  measured  in  the 
autumn  (solid  circles)  is  compared  with  the  average  response  of  eight 
of  the  same  Indiana  measured  in  the  spring  lx's),  following  a  winter 
of  intermittent  exposure  and  occasional  sleeping  in  cool  environments 
while  traveling,  hunting,  trapping,  and  wood-cutting; 

The  rectal  temperatures  and  the  average  skin  temperatures  meas¬ 
ured  in  the  Arctic  Indians  in  the  spring  are  compared  with  the  aver^ 
age  results  obtained  in  the  autumn  in  Fig.  9. 

Little  or  no  jeasonal  differences  were  found  in  the  metabolic  rates 
of  these  Indians  although  there  was  a  tendency  for  a  slightly  higher 
rate  of  heat  production  in  the  spring  especially  in  the  early  part  of  the 
night  before  the  thermal  stress  was  fully  effective.  There  does  appear 
to  be  a  higher  rate  of  heat  production  in  Indians  in  both  the  fall  and 
in  the  spring  than  was  found  in  the  urban  white  subjects.  This  small 
difference  in  metabolism  between  the  Indians  and  whites  (about  15fo) 
was  evident  in  both  the  warm  and  the  culd  audits.  There  was  no  sea¬ 
sonal  difference  found  in  the  rectal  temperature  of  the  Indians;  for 
both  fall  and  spring,  the  rectal  temperature  of  the  average  Indian  was 
about  0.5'^C  l^low  the  temperature  for  the  averrige  white  subjects. 
The  average  skin  temperature  of  the  white  subjects  anti  Indiana  was 
the  same  throughout  the  cold  night  although  the  ftMtt  temperature  of 
the  whites  fell  about  2''C  m«»re  than  the  Indians'  f«>ot  tt  mp<.*rnturo.  In 
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Flcnn  8.  Laft.  Avang*  meUbotie  teapoiua  of  nine  Aretie  IndUne  daring  n  night 
mpoeed  to  eold  in  the  faO  (BoUd  cirdes),  expooed  to  wnma  (open  drcln)  end 
eight  of  the  uune  Indians  expowd  to  cold  in  spring  (X’s). 

Bight.  Aeerege  netaholie  icsponM  of  serea  control  white  tnbjects  daring  s  night 
exposed  to  eold  (solid  cirdes)  sad  exposed  to  wsna  (opsa  cMes).  Air  tempers* 
tare  sboot  0*0.  Redrswa  from  Inring  (6)  snd  Eisner  (6). 

the  spring,  the  average  slrin  temperatnze  of  the  Indians  was  rou^y 
2*’C  below  the  average  akin  temperatare  in  autumn  due  largely  to 
lower  tuid  arm  temperatures. 

Although  the  authors  (5, 6)  conclude  that  some  small  but  significant 
physiological  variations  have  been  found  in  this  isolated  and  homoge¬ 
neous  Arctic  population,  they  do  not  know  whether  these  variations 
have  adaptive  i^ue.  It  is  puzzling  to  understand  why  the  slightly 
greater  resting  metabolic  rate  of  tho  Arctic  Indian  was  accompanied 
by  a  lower  rectal  temperature  and  by  a  lower  average  skin  tempera¬ 
ture.  On  the  other  hand,  the  greater  resting  metallic  rate  accom¬ 
panied  by  a  higher  foot  t^perature  is  suggestive  of  the  same  type  of 
metabolic  acclimatization  seen  in  the  Norwegian  students  and  must 
differ  only  in  degree  from  the  adaptation  to  cold  described  in  the  Ala- 
caluf  where  a  high  resting  metabolic  rate  accompanied  by  a  high  foot 
temperature  was  characteristic  of  thb  group. 

Another  group  of  North  American  Arctic  natives,  the  Eskimo 
hunters  of  Cumberland  Sound,  were  also  studied  by  the  methods  at 
hand  (7)  and  appear  to  show  a  response  to  cold  similar  in  some  ways 
to  that  seen  in  toe  Arctic  Indians.  In  Figs.  10  and  11,  the  average 
metabolic  and  thermal  responses  of  ten  Eskimos  and  three  white 
subjects  are  ctimpared  during  a  night  of  moderate  cold  exposure 
and  again  during  warm  exposure.  The  higher  resting  metabolism  of 
the  Eskimo  was  accompanied  during  the  cold  night  by  a  rectal 
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FWCTUI  9.  XTpptr.  Rwtal  tempcnitares  of  eisht  Axrtie  Indiana  exp  coed  to  cold 
ia  tlw  sprinc  (aoUd  drdca)  and  tho  avenc*  netal  tenparataro  of  nino  Indians 
aspoaad  fa  cold  ia  tho  fall  (X's). 

Low.  AToraco  sUa  temperatarea  wUlo  ozpoMd  to  cold  ia  tho  oprins  (tolid 
drdca;  broken  lino  for  gronp  aaorauo)  and  while  oxpoced  to  cold  ia  tho  fall 
(Z*a  with  solid  lino  for  (roop  arerago).  From  Eisner  (S). 

temperature  slightly  lower  than  the  control  white  subjects,  an  average 
s^  temperature  1  to  2*’C  higher  than  the  white  skin  temperature 
and  a  slightly  higher  body  conductance. 

The  final  group  investigated  in  this  physiological  survey  of  cold 
exposed  people  was  another  Arctic  cuitun\  the  nomadic  Lapps  of 
Finnmark,  Nonvay  and  the  village  Lapps  living  in  Kautokeino  (8). 
The  nomads  were  reindeer  herders  and  hunters  spending  most  of  their 
time  outdoors  or  in  poorly  heated  Lapp  tents.  The  village  Ia  ;pa  were 
farmers  living  in  rather  modem  houses.  The  average  metabolic 
response  of  seven  shepherd-hunters,  five  villagers,  and  five  control 

28 


PANONIRTUNG  CSKtMOS 


UJ- 
<1  0 


.  ■  ■ .  1 . 1 .  ■  ■  ■  ■  ■ 

2  3  4  5  6  7  8 
HOURS 


COLO  EXPOSED 
WARM  EXPOSED 


80 

70 

VSaA  1 ‘ 

60 

29 

SO 

20 

K 

40 

|l5 

30 

5 10 

20 

^  5 

o 

*  0 

10 

0 

4 


HOURS 


FlGun  10.  ATeng*  tiMnnal  sad  metalMUe  retponics  of  ten  Eokimon  dnriac  • 
aif^t  of  noderate  cold  ctpooaro  (tdld  lian)  and  during  a  wana  aight  (broken 
lines)  in  the  winter  aeaaoa.  Air  temperature  abont  S*C.  Redrawn  from  Eart  (7). 


white  members  of  the  research  team  durin;  a  night  of  cold  expo* 
sore  is  down  in  Fig.  12.  Only  the  nomadic  Lapps  were  different  from 
the  controls  by  prododng  a  substantially  smaller  metabolic  response 
accompanied  by  l'*C  greater  fall  in  rectal  temperatore.  Fig.  13.  In 
this  respect  the  nomadic  Lapps  were  more  like  the  Austr^ian  aborig¬ 
ine  than  like  the  other  natives  of  the  Arctic. 

In  summary,  a  comparison  of  most  of  the  ethnic  groups  discussed 
in  this  survey  may  be  made  in  terms  of  the  average  metabolic  re¬ 
sponse  of  each  group  plotted  as  a  function  of  the  mean  body  tempera¬ 
ture,  Figs.  14  and  15.  Three  distinct  patterns  of  response  to  moderate 
cold  exposure  are  shown:  a)  the  unacclimatized,  urban  European  or 
American  starts  the  period  of  cold  exposure  with  a  metabolic  rate  at 
or  near  a  basal  level  and  increases  it  markedly  as  his  body  tempera¬ 
ture  falls,  b)  the  central  Australian  aborigine  starts  with  a  metabolic 
rate  near  basal  and  slides  slowly  do^vnwanl  as  his  rectal  and  skin 
temperatures  fall  to  a  little  lower  values  than  those  of  urbanized  white 
controls,  and  c)  the  Alacaluf  Indian  starts  with  a  high  metabolic  rate 
which  declines  slightly  and  is  accompanied  by  a  rectal  temperature 
falling  no  lower  than  the  rectal  temperature  of  the  white  control,  the 
skin  temperatures  of  the  trunk  falling  a  little  more  and  the  foot 
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Ficon  11.  Arerags  thennal  and  metabolic  reaponaea  of  three  control  white  aob- 
Jeeta  daring  a  night  of  moderate  cold  expoaare  (aolid  linen)  and  two  whiten  daring 
a  warn  ni^t  (broken  lines).  Air  temperatara  aboat  3*(X  Redrawn  ftom  Hart  (7). 


temperature  falls  a  little  less  than  those  of  the  white  man.  This  response 
may  be  called  metabolic  acclimatization  or  adaptation.  The  responses 
of  the  Eskimos  and  the  Old  Crow  Indians  were  in  some  ways  inter¬ 
mediate  between  the  responses  of  the  Alacaluf  Indians  and  the  unaccli¬ 
matized  urban  white  man.  The  initial  metabolic  rate  was  intermediate 
but,  unlike  the  AlacaluTs  response  and  like  the  unacclimatized  white 
man’s  response,  the  metabolic  rate  of  both  the  Arctic  Indians  and  the 
Eskimos  increased  slightly  as  the  body  temperatures  of  the  Arctic 
Indians  (except  the  foot  temperature)  fell  more  than  those  of  the 
control  whites  and  the  rectal  temperature  of  the  Eskimos  fell  slightly 
more  than  that  of  the  whites  while  the  average  skin  temperature  fell 
less.  The  response  to  cold  of  the  Arctic  Indian  and  the  Eskimo  may 
represent  a  fourth  pattern  of  response  but  there  remains  some  doubt 
as  to  whether  it  can  be  classed  :)s  an  acclimatization  to  cold.  The  re¬ 
sponse  of  the  tropical  Australian  aborigine  and  the  nomadic  Lapp 
herder  was  intermediate  between  the  response  of  the  unacciimatized 
white  man  and  the  Australian  aborigine  of  the  central  desert.  The 
response  of  the  latter  group  may  be  termwl  insulative  acclimatizjition 
or  adaptation. 
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FtGUlus  13.  Av«rag«  recUl  tcmperaturrs  of  nomaHic  Lapps  (solid  cirelfs),  vilU|{« 
Lappa  (Vs)  and  control  white  subjects  (open  circles)  duriniT  nt'itht  of  cold 

exposure. 


Although  certain  small  difTcrences  are  easily  rect)gnin,Hl  in  the 
metabolic  and  temperature  responses  of  the  several  groups  invest!' 
gated  while  living  under  more  or  less  natural  conditions,  it  is  dithcult 
to  go  further  than  this  and  inquire  int«»  the  nature  of  these  small 
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nccu  14.  Heai  pndnetioB  vems  mean  body  tcmpcntnn  of  control  white  rab- 
Jceta,  A  and  D;  eentnl  Aoatnliaa  aborigino  in  annuacr,  B;  tropical  Aoatraliaa 
aborigiaa  ia  aimuncr,  C;  central  Anstralian  aborigine  in  winter,  K. 

differences.  It  is  possible  that  all  differences  would  vanish  should  It  be 
possible  to  maintdn  all  groups  under  exactly  the  same  conditions  as  to 
kind  of  food  ingested,  degree  of  cold  exposure  prior  to  testing,  physi¬ 
cal  fitness,  physical  and  mental  health,  etc,  and  after  this,  study  them 
with  exactly  &e  same  tests.  Only  in  the  laboratory  would  one  wish  to 
attempt  to  meet  these  exacting  conditions. 

In  the  laboratory  any  minor  differences  in  the  degree  of  cold  expo¬ 
sure  during  the  testing  period  can  be  eliminated.  Such  differences  are 
known  to  exist  between  the  several  field  studies  that  have  been  con¬ 
ducted  on  the  different  groups  referred  to  above.  There  were  small 
differences  in  the  average  dry  bulb  temperature  which  each  group 
attempted  to  maintain  during  the  night  There  were  small  differences 
in  the  insulation  of  the  sleeping  bags  used  in  each  test  In  addition, 
there  were  differences  in  the  cooling  coefficient  of  the  air  surrounding 
the  sleeping  bag  due  to  air  movement  We  can  say,  therefore,  that  the 
degree  of  cold  exposure  was  only  approximately  the  same  in  these 
several  studies  due  to  the  varying  circumstances  that  eadi  field  team 
had  to  deal  with. 

Should  it  bo  possible  to  eliminate  all  these  variations,  the  uncer¬ 
tainties  ns  to  the  origin  of  similarities  or  diffenmees  would  not  vanish 
since  the  problem  of  obtaining  a  representative  sample  still  persists, 

32 


»  / 


1. 


451. 


«5| 

«0 

55 

r 

tS| 

tol 


ri 


55  35  34  9S  St  SI 
T*% 


T*‘ 


PMMNITVN5  ESXniM 

main 


'l\ 

55 

iss;  1 

%-l 

50 

; 

99 

.  AT  4 

-it  . 

y ! 

1’® 

a  49 

N 

<40- 

o 

*  99 

90  • 

29  ■ 

■4  .1 

toL 

>  \ 
*1 


eoto 


95  99  94  99  92  91 
»»C 


T«*C 


FlOUU  15.  Heat  production  Torsua  mean  body  temperaturo  of  Alacaluf  Indiana 
cold  in  winter  (upper  left)  and  warm  (upper  ritbt)i  Arctic  Indiana  cold  In  fall 
(middle  left)  and  cold  in  aprinf  (middle  right),  and  Eakimoa  cold  in  winter 
(lower  left)  and  warm  (lower  right). 
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«fip6dally  when  ueleding  from  such  a  heterogeneous  popalatfon  as  the 
nMts  European.  Furthermore,  one  w^ald  not  be  able  to  determine 
fdiich  similarities  or  differences  were  genetically  fixed  and  which  were 
aojaired  without  a  comparative  study  of  populations  of  each  group 
that  were  exposed  to  cold  for  generation^  for  a  lifetime,  for  short 
periods,  and  to  no  cold  at  alL 

Although  we  would  like  to  bring  these  studies  into  the  laboratory 
udiere  a  long  series  of  systematic  studies  could  be  made  under  well> 
controlled  conditions,  it  may  be  that  results  of  equal  value  can  be  had 
by  recognizing  and  accepting  the  limitations  of  the  field  type  study 
a^  by  continuing  to  examine  as  many  ladal  groups  living  under  as 
many  varied  climatic  conditions  as  possible.  If  enough  races  of  man 
an  investigated  and  if  within  each  race  a  range  cff  environmental 
conditiona  an  encountered,  it  may  be  possible;  in  the  end,  to  sort  out 
the  causes  for  the  small  differences  in  responses  to  cold  already  de> 
scribed.  It  may  even  be  possible  to  decide  whether  a  partisniar  response 
endows  the  group  possessing  a  characteristie  response  with  any  advan¬ 
tage  over  the  groups  not  possessing  it 
Finally,  all  inve^gators  of  the  cold  exposed  groups  included  in  this 
survey  have  commented  upon  the  greater  ability  of  the  cold  exposed 
natives  to  sleep  during  the  cold  stress.  This  fact  alone  is  sufficient  to 
support  the  view  that  habituation  to  cold  also  occurs  in  cold  exp(»ed 
races  of  mas  showing  markedly  different  types  of  physiological  accli¬ 
matization  or  adaptation  to  cold. 

Seferences 

L  Seholaadar,  P.  F.,  Huuncl,  H.  Aadenen,  K.  Lance,  and  L#ra<BC.  Y., 
Metabolic  Aedimatioo  to  Cold  in  Man,  /.  AppL  PhyttoL,  IX  1  (1968). 

X  Sehotander,  P.  F.,  Hanune),  H.  T.,  Hart,  J.  SL,  Lc  Messnrier,  D.  EU  and  Steen, 
J.,  Cold  Adaptation  in  Asstralian  Aborigines,  J.  AppL  PhyHeL^  IX  211  (1958). 
X  Hanund,  H.  T.,  Eisner,  R.  W.,  Le  Messurier,  Di  H.,  Andersen,  H.  T.,  and 
Milan,  F.  A.,  Thermal  and  Metabolic  Responses  of  the  Anstnlian  Aborigines 
Exposed  to  Moderate  Cold  in  Sommer,  J.  AppL  PkfioL,  II,  606  (1959). 

4.  Hammd,  H.  Tn  Eisner,  R.  W.,  Andersen,  K.  Lange,  SeVdander,  P.  F.,  Coon, 
C.  &•  Medina,  A.,  Strosd,  L.,  Milan,  F.  A.,  and  Hock,  R.  J.,  Theraud  and 
Metabolic  Responses  of  the  Alacaluf  Indians  to  Moderate  Cold  Exposure, 
WADD  recAntcol  Rtpart  S0-4SS  (1960). 

X  Irring,  L.,  Andersen,  K.  Lange,  Bolstad,  A.,  Eisner,  R.  W.,  Hildes,  J.  A., 
Ldyning,  Y.,  Nelms,  J.  D.  Peyton,  L.  J.,  and  Whdey,  R.  D.,  MeUbolism  and 
Temi^ratow^of  Arctic  Indian  Hen  During  a  Cold  Night.  J.  AppL  Pkpisol^ 

X  Eisner,  R.  Andersen,  K.  Lange,  and  Hermansen,  L.,  Thermal  and  Meta¬ 
bolic  Responses  of  Arctic  Indians  to  Moderate  Cold  Exposure  at  the  End  of 
Winter,  J.  Appt.  Phiftiol^  15, 659  (1960). 

T,  Kart,  J.  X,  rt  at.  In  preparation. 

X  Andersen,  K.  Lange.  Leyning,  Y..  Nelms,  J.  D..  Wilson,  O..  Fox.  R.  H..  and 
Bolstad,  A.,  Metabolic  and  Thermal  Response  to  a  Mo«lerate  Cold  Exposure  in 
Nomadic  Lapps,  J.  AppL  Phptioi.,  15,  619  (1960). 

CHAiaMA.N  SlPLX:  Our  last  speaker  of  this  motaing's  sessioa  will  be  Colonel 
Willard  Pearson  of  the  United  SUtes  Army,  Alaska,  who  will  speak  on  “Alaska, 
the  Gibraltar  of  the  North.”  Colonel  Pearson, 
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ALASKA-CfBRALTAR  OF  THE  NORTH 

Colonel  Willabd  Pearson 
Headqtuurten^  United  States  Army 
Aluka 

Introduetion 

The  airplane  Hying  the  polar  routes  initially  focused  attention  on 
the  military  importance  of  the  Arctic  regions.  This  interest  has 
heii^tened  with  the  development  of  the  long-range  land  based  missile. 
More^  recently  the  nuclear  powered  submarine,  a  mobile  missile  base 
cruising  in  the  northern  waters,  has  brought  the  strategic  importance 
of  the  Far  North  into  sharper  focus.  Should  there  be  a  general  war, 
tb^  new  weapons— -jet  aircraft,  land  based  missiles,  and  missile  car¬ 
rying  submarines— will  transform  the  Arctie  Ocean  into  the  Mediter¬ 
ranean  of  Worid  War  IL 

The  gateways  to  the  Arctic  (Fig.  1)  are  the  Bering  Straits  on  the 
west,  the  only  sea  link  between  the  Arctie  and  Pacific  Oceans,  and  the 
Norwegian  Sea  on  the  east.  These  entrances  bear  the  same  relation¬ 
ship  to  ^e  Arctie  as  do  the  Straits  of  Gibraltar  and  the  Red  Sea  to 
the  Mediterranean.  Alaska,  the  Gibraltar  of  the  North,  is  separated 
from  Russia  by  35  miles  of  water.  The  United  States'  Little  Diomeda 
Island  and  Russia's  Big  Diomeda  Island  in  the  Bering  Straits  are  less 
than  3  miles  apart 


nocu  1.  GaWwayt  to  th»  Arttie. 
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Tbs  ftraiegle  ffgiiffleMee  of  the  northern  regione  hae  not  been  falljr 
eppredated  oonaidetinir  weapona  now  available  and  potential  new 
devdi^menta  in  weapona,  tnuuport&tion,  connnttnieationa,  and  nuclear 
power.  The  purpose  of  my  presentation  is  threefold: 

Ilxst;  To  point  out  the  strategic  importance  of  the  Far  North  with 
apedal  reference  to  Alaska. 

Second:  To  examine  the  impllcationa  of  the  Far  North  to  the  United 
States  Army, 

Third:  To  recommend  an  Amy  program  to  improve  the  ability  of 
the  ground  forces  to  operate  in  ^e  north. 


The  Strategic  Signifliamce  of  the  Far  North 

The  IGlitary  defines  the  area  of  Northern  Operations  as  that  area 
enclosed  by  the  60**  isotherm  for  the  warmest  four  months  of  the  year 
(Fig:  2).  It  covers  all  of  Alaska,  Canada,  a  part  of  the  upper  midwest, 
Greenland,  the  uppor  Scandinavian  Peninsula,  65%  of  Buasia  includ¬ 
ing  aQ  of  Siberia,  and  half  of  Korea.  This  is  the  area  I  shall  discuss. 
Its  strategic  significance  can  best  be  appreciated  from  an  analysis  of 
the  following  factors : 

1.  Geographic. 

2.  PoUticaL 

3.  Economic. 

4.  PqrehoIogicaL 

Geographic.  A  glance  at  a  polar  projection  of  the  globe  shows  that 
Europe,  Asia,  and  North  America  (shown  within  the  enclosed  circle) 
come  closest  together  at  the  North  Pole  (Fig.  3).  The  shortest  dis* 
tance  between  the  prindpa)  population  and  industrial  centers  of 
Eurasia  and  North  America  is  over  the  polar  regions.  Note  the  dif¬ 
ference  in  distance  from  the  center  of  the  United  States  to  Moscow 
via  the  great  circle  route  versus  the  polar  route.  Fig.  4  shows  another 
comparison.  Again  we  see  that  the  distance  from  the  center  of  the 
United  States  to  Moscow  via  the  polar  route  is  roughly  4,500  miles 
whereas  from  Tliule,  Greenland  to  Moscow  is  a  mere  2,300  miles.  An 
ICBM  located  in  Fairbanks,  Alaska,  having  a  range  of  5,000  miles 
could  easily  engage  targets  in  most  of  Western  Europe,  Russia,  and 
China.  A  missile  firing  from  Alaska  to  China  has  a  significant  range 
advantage  over  a  missile  located  on  the  West  Coast  of  the  United 
States  firing  on  the  same  target  Note  range  differences. 

The  Polaris  equipped  submarine,  operating  from  Alaska  bases 
(Fig.  5)  and  using  the  Arctic  Ocean  as  an  undenvater  airfield  to 
achieve  concealment  dispersion,  and  surprise,  can  launch  missiles 
south  into  Eurasia  generally  as  far  ns  the  50^  of  latitude.  This  dis¬ 
tance  would  encompass  the  British  Isles,  France,  northwest  Europe 
including  the  Scandinavian  Peninsula,  and  a  huge  chunk  of  Russia 
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induding  the  trans  Siberian  Railroad.  From  the  Barents  Sea  the 
Polaris  can  be  fired  over  Moscow  and  hit  the  Blade  Smu 

TheM  shorter  distances  to  the  heartland  of  the  United  States  and 
Eoruia  from  Arctic  bases  insure  greater  aecuraqr  for  missiles, 
heavier  payloads,  leas  time  in  flight,  as  well  as  fewer  failures  in  flight. 
Grnter  accuracy  and  heavier  payloads  reduce  the  overall  force  re¬ 
quirements.  ^e  reduction  in  flight  time  to  target  increases  the  «»h«Tiro 
of  achieving  surprise  and  shortens  the  time  a  missile  is  subject  to 
attack.  It  alu  reduces  the  time  the  enemy  has  to  react  to  a  surprise 
attack  These  shorter  distances  via  the  Polar  Route  bring  the  strategic 
importance  of  the  Far  North  into  sharp  focus  when  viewed  through 
the  lens  of  our  rapidly  developing  ability  to  travel  above,  across,  or 
under  the  Arctic. 

We  must  be  able  to  get  maximum  warning  of  an  air  or  missile 
attack  on  the  United  States  launched  from  iCurasla.  To  get  maximum 
warning,  the  curvature  of  the  earth  requires  us  to  locate  our  warning 
stations  as  near  the  top  of  the  world  as  possible  in  order  to  lock  down 
on  the  other  side  (Fig.  6).  This  schematic  drawing  shows  the  point 
where  radar  locatKl  in  the  United  States  might  first  pick  up  a  missile 
launched  from  Eurasia  versus  the  point  of  pick-up  when  the  radar 
is  located  in  the  Arctic.  The  DEW  Lino  waa  located  along  the  Arctic 

S7 


Fmns  S.  Priar  Roote  vmiis  Great  Ctrda  Soata. 


Circle  for  this  reason.  For  the  same  reason  our  BMEW!  (Ballistic 
Missile  Early  Warning  System)  and  MIDAS  (Missile  Detection  Alarm 
System)  sites  are  buin;  located  in  the  Far  North.  These  BMEWS  and 
MIDAS  sites  bex)me  strategic  targets  because  of  their  limited  num¬ 
ber,  criticality  in  the  early  days  of  a  general  war,  and  the  long  lead- 
time  required  to  replace  them  if  destroyed.  The  lomtion  of  these  stra¬ 
tegic  targets  on  our  northern  outposts  obviously  increases  the  strate¬ 
gic  significance  of  these  outposts. 

Thus  in  the  Far  North,  geography  combines  vrith  the  increased 
range  of  modem  weapons  to  highli^t  the  strategic  importance  of  the 
area  as  an  advanced  outpost  for  early  warning,  interception  of  air 
missile  or  satellite  attach  and  for  launching  attacks  or  counter¬ 
attacks. 

Political.  Since  the  end  of  World  War  II,  United  States  rights  in 
many  bases  overseas  have  been  either  restricted  or  revoked  outright. 
Even  our  position  in  the  Caribbean,  once  considered  impregnable.  Is 
under  political  attack. 

Forces  in  Alaska,  on  the  other  hand,  are  on  United  States  soil.  They 
are  not  subject  to  pressures  by  foreign  political  complications. 

Economic.  A  m^ern  power  must  protect  its  economic  potential 
and  mobilization  base  in  a  nuclear  war.  A  nation  will  seek  to  flght  a 
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war  as  far  as  possible  from  its  heavily  populated  and  industrialized 
areas.  The  vast  undeveloped  areas  of  the  Far  North  permit  the  disper¬ 
sion  of  military  forces  away  from  heavily  popula^  and  industrial 
centers.  This  sparsely  settled  area  not  only  provides  passive  protection 
to  these  forces,  but  also  reduces  the  vulnerability  of  our  industries  and 
dvilians  to  missile  counter  battery  fire  and  radioactive  fallout. 

Hi^er  initial  costs  for  military  operation  in  Alaska  are  offset  by 
the  political  stability  which  assures  retention  of  bases  over  the  long 
term.  Funds  spent  in  the  49th  State  are  retained  in  the  United  States 
economy  rather  than  being  spent  in  overseas  areas  where  political 
affiliations  are  subject  to  change.  Furthermore,  the  drain  on  United 
States  gold  reserves  caused  by  stationing  large  forces  in  foreign 
countries  was  dramatically  illustrated  by  a  Presidential  decision  in 
November  1960  to  evactmte  a  large  number  of  military  dependents 
from  overseas  bases.  This  directive  does  not  apply  to  Alaska. 

Psychological.  Should  an  enemy  secure  even  a  limited  beachhead  on 
the  most  bleak  coast  of  northern  Alaska,  she  could  proclaim  to  the 
world  that  United  States  territory  has  been  successfully  invaded. 
Invasion  of  United  States  soil  would  adversely  influence  the  uncom- 
mited  nations  in  the  early  stages  of  a  general  war.  Even  nui.<inncc  rnid.n 
on  United  States  soil  would  be  of  great  psychological  and  propaganda 
value.  Remember,  if  you  will,  the  near  panic  and  hysteria  that  developed 
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on  the  West  Coast  following  the  attack  on  Pearl  Harbor  at  the 
ontbreak  of  World  War  H.  To  counteract  political  or  psychological 
defeat,  public  opinion  would  press  for  an  early  counterattack  against 
enemy  lodgments  on  the  Alaskan  periphery. 

The  strategic  importance  of  the  Far  North  arises  from  its  geo* 
graphic  location  on  the  shortest  route  between  North  America  and 
Eunsia.  This  military  significance  is  further  increased  by  important 
political,  economic,  and  psychological  factors. 

So  much  for  the  strategic  importance  of  the  Far  North! 


The  Implications  of  the  Far  North  to  the  Army 

The  Army’s  objective  in  ^var  is  destruction  of  the  enemy  and  occu* 
pation  of  the  enemy’s  heartland.  Before  the  decisive  battle  for  the 
heardand  is  fought,  there  are  strategic  outposts  which  must  be  first 
.•eized  or  neutralized  <Fig.  7). 

In  World  War  II,  for  example,  the  Japanese  considered  capture  of 
the  dense,  steaming,  fever  infested  jungles  of  New  Guinea  atrate* 
gically  necessary.  Why?  This  island  became  n  strategic  base  for 
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bloddns:  the  principal  United  States  overseas  supply  route  into 
Australia  as  well  as  a  staging  area  for  attacking  that  continent 
On  the  other  side  of  the  giobe,  the  Allies  and  the  Axis  were  at  the 
same  time  fighting  for  control  of  the  hot  barren,  deserts  of  North 
Africa.  The  atratepc  North  African  coartland  provided  bases  for 
ground,  sea,  and  air  forces  to  control  the  Mediterranean  as  wdl  as 
staging  areas  for  attacking  the  "soft  underbelly"  of  Europe. 

In  ^e  Far  North  the  Germans  captured  Norway  and  attempted 
to  cut  the  Allies’  northern  sea  route  to  the  Soviet  Union.  The  Japanese 
likewise  struck  in  the  North  and  attacked  the  Aleutian  Islands. 

You  can  see  that  in  World  War  II  major  forces  vrere  thus  deeply 
engaged  in  jungle,  desert,  and  Arctic  (environmental)  warfare  on 
strategic  outposts  long  before  fighting  the  final  battle  in  the  more  tern* 
peiate  climate  of  Europe.  Similarly,  in  any  future  war  between  the 
United  States  and  a  power  on  the  Eurasian  land  mass,  significant  air, 
sea,  and  land  battles  will  bo  fought  over  the  Arctic  Basin  as  the 
opposing  forces  contest  for  this  strategic  outpost 
In  the  early  stages  of  a  general  war,  opposing  forces  would  strike 
swiftly  to: 

1.  Destroy  or  neutralise  each  other’s  militaty  potential  In  the  Far 
North, 
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2.  Protect  their  northern  flanks  by  dominating  the  Arctic  regions. 

3.  Develop  offensive  bases  to  provide  missile  support  for  inva¬ 
sions  by  land,  sea,  and  air  of  the  enemy's  heartland. 

Possession  of  the  Arctic  Basin  by  an  unfriendly  power  jeopardizes 
the  security  of  the  United  States.  For  example,  in  the  initial  phases  of 
a  general  war,  it  would  be  important  to  neutralise  missiles  located  on 
the  Arctic  rimland  firing  megaton  weapons  on  the  industrial  complex 
in  the  United  States  (Fig.  8).  It  is  doubtful  if  this  neutralization  could 
be  successfully  or  completely  accomplished  by  bombs  or  missiles  alone. 
Recall  that  in  World  War  II,  German  V-2  rockets,  firing  on  London 
from  the  northern  coast  of  Europe,  were  neutralized  only  after  the 
Army  overran  and  occupied  the  sites.  Eariy  neutralization  is  even 
more  critical  today  than  it  was  in  the  daj-s  of  the  “Model  T,”  V-2  rocket 
because  of  the  tremendously  higher  yield  of  modem  weapons. 

The  enemy  will  likewise  attempt  to  neutralize  our  military  potential 
in  the  Far  North.  Initially  he  may  attempt  this  neutralization  with 
nuclear  missiles.  He  may  supplement  his  missile  Are  by  limited  air-  and 
sea-borne  attacks,  submarine-borne  patrols  landed  at  night,  guerrillas 
parachuted  at  night  into  sensitive  areas,  or  by  major  air-borne  and 
amphibious  attacks  to  seize  critical  port.s.  bn.ses,  and  centers  of 
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eonununicatioas.  Our  military  installations  must  be  defended  against 
all  forms  of  attack.  A  large  measure  of  this  task  will  fall  to  the  Army. 

The  implication  to  the  Army  is  obvious.  The  Army  must  be  prepared 
to  conduct  offensive  and  defensive  operations  in  the  Far  North.  This 
capability  should  exist  now  to  provide  swift  reaction  in  the  early  stages 
of  a  general  war  when  control  of  our  strategic  outposts  b  essential. 

In  improving  its  ability  to  fight  in  northern  btitudes,  other  impor¬ 
tant  advantages  would  accrue  to  the  Army.  These  should  not  be  over¬ 
looked: 

a.  Enhance  the  Army's  ability  to  operate  in  the  more  temperate 
zones.  Consider  winter  warfare  in  the  mountains  of  Western 
Europe.  Northern  Italy,  Greece,  Turkey,  the  Urals  in  Russia,  the 
Himalayas  separating  China  and  India,  and  the  mountains  of 
Korea.  The  problems  in  these  areas  associated  with  extreme  alti¬ 
tudes,  weather,  and  climate;  the  undeveloped  transportation  and 
communication;  and  remoteness  from  source  of  supply  arc  iden¬ 
tical  with  pn)blems  encountered  in  the  Far  North. 

b.  Improve  Army’s  ability  to  conduct  a  limited  war.  Experience  of 
the  last  decade  shows  that  the  most  likely  locales  for  limited 
wars  are  the  undeveloped  countries  annind  the  periphery  of  the 
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Sfno  Soviet  Bloc,  By  improvhig  onr  ability  to  operate  over  the 
undeveloped  area#  of  the  north  where  primitive  commmiicatione 
exists  the  Army  will  enhance  its  aUJIty  to  limited  wars  in 
other  undeveloped  areas. 

e.  Provide  an  excellent  area  to  test  new  eqaipment.  Alaska  has  the 
terrain,  climate  and  environment  fotmd  to  a  large  degree  in  the 
northern  areas  of  the  Eurasian  land  mass.  It  is  probable  that 
major  ground  operations  will,  at  some  future  date^  be  conducted 
oo  terrain  similar  to  that  foi^  in  the  49tb  State.  An  apprecia> 
tion  of  mobility;  lire  power,  and  communication  problems  that 
exist  in  the  norft  is  essentiri  for  the  planning  and  development 
of  material  to  be  used  by  the  Army  the  future. 

Gonsidmed  alone,  these  advantages  provide  adequate  Justification 
for  improving  the  Anttys  ability  to  tjdit  in  northern  latitudes. 

These  are  the  implications  of  the  strategic  importance  of  the  Far 
NorthI 


The  Kind  of  an  Army  Program  Needed 

A'l  Army  program  is  certainly  needed!  The  following  three-point 
program  is  recommended: 

L  Greater  research  and  development  efifort  and  year-round  testing 
of  materiel  under  both  winter  and  summer  conditions. 

The  most  promising  areas  for  improving  the  Army's  operational 
capabilities  is  the  development  of  specialize  equipment.  We  need  to 
increase  the  tactical  mobility  of  the  combat  units  and  their  necessary 
logistical  support  units.  To  do  this,  special  equipment  is  needed.  In 
his  book  "The  Red  Am^  Liddell  Hart  states,  "ffitler  lost  his  chance 
of  victory  against  Russia  because  the  mobility  of  his  Army  was  based 
on  wheels  instead  of  tracks."  For  ground  mobility  on  the  battlefield, 
we  need  improved  tracked  transportati  j  with  year-round  mobility. 
The  optimum  tracked  vehicle  will  negotiate  the  snow  in  winter,  the 
water  in  the  spring  break-up,  and  the  muskeg  and  rocks  in  the  sum¬ 
mer.  Allied  with  this  problem  of  ground  mobility  is  the  need  to 
develop  navigational  aids  and  techniques  for  movement  across  the 
uncharted  wasteland  of  the  north. 

Exploitation  of  the  potentialities  of  air  mobility  for  moving  trocps, 
equipment,  and  supplies  promises  to  be  a  decisive  factor  in  establishing 
supremacy  in  the  north.  We  must  develop  equipment  and  techniques  to 
capitalize  on  the  mobility  of  Army  aviation. 

For  soldiers  in  any  theater  of  operations,  it  is  necessary  to  reduce 
the  diwrsity,  volume,  and  weight  of  clothing  and  equipment.  It  is  of 
special  importance  to  the  soldier  in  the  north  because  of  the  heavy 
clothing  >rom  and  tho  difilculty  of  moving  over  rugged  terrain  under 
adverse  weather  condiUuns.  Progress  in  this  area  >vill  not  only  enhance 
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folditr  monk  tad  eBldencf  btit  will  also  Inentto  individual  and 
onit  mobility. 

Northern  opendUmt  will  be  characterized  bjr  dispersion  of  nnits 
over  vast;  areas,  creating  a  commonioitions  problem.  For  adequate 
control  of  tliese  imits,  radioe  of  greater  range,  reduced  weighty  and 
increased  reUabflity  are  needed.  Ways  most  be  found  to  increase 
betters  life  in  snb>o»o  weather. 

OthCT  important  areas  for  researdi  are  employment  of  nuclear 
we^Km^  actoqua^  of  conventional  weapons,  operational  rations,  re¬ 
supply  techniques,  and  maintenance  of  types  of  equipment 

IL  Mote  rugged,  reaUstie  training  in  northern  operations. 

Past  maneuvers  in  Alaska  have  provided  outstanding  training 
for  participating  units  from  CONUS,  The  locale  of  these  naaneuvers 
has  been  in  souA  and  central  Alaska.  These  exercises  must  be  made 
progreasivdy  more  diillcalt  by  eoadaeting  them  in  the  Brooks  Moun¬ 
tain  Bange^  in  tiie  tundra  of  northern  Alaska,  and  along  the  Arctic 
coast 

The  usual  winter  maneuvers  reveal  the  obvious  or  superficial  short¬ 
comings  but  are  not  long  enough  to  uncover  more  fundamental  weak¬ 
nesses  and  strengths  in  personnd,  equipment  and  doctrine.  Annual 
expeditions  of  one  or  more  monthsf  duration  should  be  conducted 
during  the  winter  and  summer.  Movement  of  tactical  units  over  the 
old  pioneer  sled  trails  from  Fairbanks  to  Nome^  from  Nome  to  Point 
Barrow,  and  from  Point  Barrow  to  Fairbanks  throujdr  the  Anaktnvuk 
Pass  in  the  Brooks  Bange  is  needed.  Overland  movement  from  Alaska 
across  northern  Canada  to  Greenland  is  recommended.  The  Army 
should  seek  to  develop  trained  men  and  equipment  by  retracing  Ad¬ 
miral  Peary's  route  to  the  North  Pole  periodically. 

A  hard  core  of  expert  mountain  climbers  must  be  trained.  Training 
can  be  conducted  on  the  many  mountains  in  Alaska,  with  an  ascent  of 
Mount  McKinley  as  the  graduatiott  exerdse. 

Expeditions  of  this  type  would  provide: 

(1)  Superior  training  in  land  navigation,  communications,  resup¬ 
ply  procedures,  physical  conditioning,  living  in  the  Add,  and 
si^  unit  leadendiip. 

(2)  Bogged  test  of  equipment  under  prolonged  stress  more 
nearly  approaching  combat  conditions. 

(3)  BealisUe  test  of  tactics  and  techniques. 

III.  Improved  personnel  procedures  which  will  attract,  motivate, 
and  retain  individuals  train^  in  cold  weather  techniques. 

Quality  rather  than  quantity  must  be  the  goal  in  training  per¬ 
sonnel.  With  limited  personnel  ceilings  and  further  cuts  in  prospect,  a 
small  number  of  highly  trained  individuals  and  units  should  ^  devel¬ 
oped  to  provide  the  nucleus  for  rapid  expansion  during  mobilization 
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or  ^ao  foreei  In  brings  for  (mmedlato  dtfhfnmt  to  key  etntegie 
areao  In  event  of  war. 

Thia  aim  can  be  achieved  aa  follows; 

1.  Designate  the  two  battle  groups  In  Alaska  and  one  or  two  STRAC 
battle  groups  aa  "Ski  and  Mountain"  unlta.  The  words  "Ski  and 
Mountain''  should  appear  as  part  of  the  unit's  designation  to 
clearly  Identify  It  as  a  special  unit  No  nsajcr  changes  In  organ* 
Izatlon  would  be  required.  The  battle  groups  would  be  issued  the 
necessary  specialized  equipment  These  "Ski  and  Mountain" 
battle  groups  would  conduct  annual  numcoven  and  expeditions 
in  the  Far  North  along  the  lines  I  have  just  suggest^  They 
would  do  so  periodically  to  attain  the  degree  of  Individ* 
ual  and  unit  proflciency  and  esprit 

2.  Provide  qualification  badges  for  expert  skiers  and  mountaineers. 
Why  not  give  badges  to  recognize  these  skills  which  In  some 
eases  are  more  difitolt  to  attain  than  bsi^  currently  author¬ 
ized  for  vehicle  driving,  marksmanships  parachuting,  rangers, 
and  explosive  disposal  ?  These  bathes,  i^ch  are  common  in 
European  armies,  would: 

a.  Provide  incentives  to  achieve  hifid^er  standards  of  individual 
skill. 

b.  Develop  pride  by  giving  recognition  to  individuals  achieving 
these  standards. 

c.  Facilitate  mobilization  and  peaoetinie  assignments  to  the 
"Ski  and  Mountain"  units,  the  Anny*s  Cold  Weather  and 
Mountain  School,  and  to  staffs  of  higher  headquarters  requir* 
ing  their  specialized  knowledge — in  the  same  manner  para¬ 
chutists  are  assigned  to  air-borne  units,  the  Air-borne  S<^ool, 
and  staffs  of  higher  headquarters. 

3.  Expand  and  publicize  the  current  program  of  screening  incom- 
Ing  replacements  Imving  experience  in  the  National  Ski  Associa¬ 
tion  and  the  American  Alpine  Club  and  amigwing  them  to  Alaska 
upon  completion  of  their  basic  training. 

4.  Permit  repetitiTe  assignments  of  personnel  possessing  skiing 
and  mountaineering  skills  to  Alaska  or  to  other  areas  where 
these  skills  may  be  applied. 

The  Army  recognizes  "MAN"  as  the  ultimate  and  decisive  weapon. 
These  personnel  procedures  will  attract,  retain,  and  motivate  the 
soldier  to  become  more  professionally  skilled  in  the  spe^ized  tech¬ 
niques  of  northern  operations.  This  three-point  program  b  feasible 
and  practical. 

With  the  acquisition  of  Ladd  AFB  at  Fairbanks,  Alaska,  the  Army 
now  has  iacilities  immediately  available  to  support  increas^  research 
and  development  activities  in  Alaska. 

The  training  program  and  personnel  control  procedures  discussed 
above  can  be  adopted  within  present  personnel  ceilings.  The  number 
of  troops  participating  in  the  current  maneuver  program  can  be 
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reduced  to  pennit  exeeation  oi  the  revised  program  within  the  present 
budget 

Examples  of  failures  to  prepare  for  northern  operations  can  be 
found  from  the  Napoleonic  Wars  to  the  Korean  conflict.  Adoption  of 
such  a  program  is  necessarjr  to  Insure  the  Army’s  readiness  to  meet 
the  challenge  of  operating  In  the  Far  North  In  the  missile  age. 

Summary 

L  The  Far  North,  Including  a  large  section  of  North  America 
and  Eurasia,  is  of  great  milita^  significance  in  the  missile  age,  par' 
ticularly  as  a  strategie  ontpost  in  the  initial  stage  of  a  general  war. 

IL  The  Anny  most  be  prepared  to  conduct  offensive  and  defensive 
operations  in  the  Far  North,  since  opposing  forces  will  attempt  to 
neutraliu  each  other's  military  potential  in  the  strategic  outpost  (rf  the 
Arctic.  This  objective  will  be  accomplished  only  when  the  army  forces 
occupy  the  ground. 

IIL  The  Army  mnst  have  a  program  to  improve  its  operational 
potential  in  the  Far  North — a  realistic  program  that  will  prepare  the 
Army  to  flght  at  any  time  or  anywhere  in  the  northern  areas. 

Ahuka  can  serve  as  the  Army's  testing  and  training  ground  to 
achieve  this  objective.  Alaska,  the  Gibraltar  of  the  North,  is  destined 
to  play  an  increasingly  importot  role  in  the  strategic  planning  for 
the  defense  of  the  Free  World. 
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TBEMBs  QUABTERMAfiTEB  CORPS  CONTRlBimONS 
TO  MAN  LIVING  Of  THE  ABCTIC 


J,  C,  Bed^  prtMing 

CMAOtMAK  Bcd:  Tbm  tttte  of  tho  iiit  mar  to  *Fb)nioloffe«l  PrindplM  for 
PMtoeitoa  of  ICoa  fa  tho  CoML*  It  to  aqr  jinwito  to  fatroJim  tbo  ipaUtor,  Dr, 
Bormod  &  BoMfay,  Pkofeaaor  of  ZairfrniMatol  Pbfifoloor  at  tho  Uatoorritp  of 
Pfttobnrsh. 


PHYSIOLOGICAL  PRINCIPLES  FOB  PROTECTION  OF 
KAN  IN  THE  COLO 

Habwood  S.  Bboino 
University  of  PttilbiliBb 
PittsboriB^  Pennsylvania 

In  Hay  1942  Terris  Moore  and  seven  fdloiv^noantaineers^  the  New 
Enfl^d  Advisory  Cominittee  on  Cold  Weather  Clothiny  and  Equip* 
ment  to  the  Qaartexmaster  Corps,  had  a  problem.  They  had  receiv^ 
eijht  diSerent  Arctic  sleeping  hags  fesn  the  Office  of  the  Quarter¬ 
master  General  for  test  on  Mount  Washington,  and  the  cold  weather 
had  run  out  on  them.  W.  H.  Forbes,  ffie  Acting  Director  of  the  Har* 
vard  Fatigue  Laboratory,  offered  a  solntion  to  their  problem;  “Briny 
the  Committee  and  its  I»gs  into  our  new  cold  room  and  test  the  bags 
at  40  below  zero.**  The  invitation  was  accepted.  We,  the  physiologists 
at  the  Laboratory,  looked  upoo*  these  right  mountaineen  as  potential 
human  “guinea  pigs.“  If  th^  were  to  be  shut  up  in  our  refrigerator, 
we  wanted  to  make  some  physiological  measurements  of  their  cooling. 
We  therefore  applied  ^ne  skin  thermocouples  and  asked  our  victims 
to  insert  rectal  thermometers. 

The  report  to  the  Office  of  the  Quaitennaster  General  from  that 
study  not  only  showed  the  judgment  of  the  eight  men  on  the  relative 
wor^  of  each  bag  but  also  gave  data  on  sldn  and  rectal  temperatures 
—data  which  indicated  rates  of  body  cooling.  I  believe  that  the  Office 
of  the  Quartermaster  General  was  really  surprised  to  find  out  that 
useful,  objective  information  could  be  obtain^  In  this  way.  In  any 
event,  we  were  immediately  deluged  with  requests  to  provide  sunilar 
data  on  75  different  kinds  of  sleeping  bags  and  on  all  kinds  of  cold 
weather  clothing. 

As  a  result  of  this  experiment  the  Quartermaster  Climatic  Research 
Laboratory  was  established  a  year  later.  It  made  use  of  the  largest 
cold  room  (-89°F)  then  available.  (The  room  had  been  constructed 
in  the  Pacific  W’oolen  Mills,  Lawrence,  Massachusetta,  to  freeze  the 
lanolin  out  of  raw  wool  and  thus  avoid  the  expensive  scrubbing 
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operation).  Sabseqaenilx  the  Environmental  Froteetion  Dlvlalon  was 
formed  at  Natick,  eqalp^  with  the  most  versatile  cold  room  In  hlS' 
torjr,  the  chamber  Jtut  dedicated  to  Sir  Habert  Wilkins. 

1  first  met  Sir  Habert  Wilkins  a  month  or  so  after  those  Initial 
sleeping  bag  tests.  He  arrived  at  the  Fatigue  Laboratory  with  two  bags 
of  iUpaca  pile  clothing  designed  to  conform  as  closely  as  possible  to 
good  Eski^  clothing  made  of  caribon  far.  His  wish;  to  ase  our  new 
cold  room  to  test  the  alpaca  pile  clothing.  We  worked  oat  a  protocoL 
Sid  Bobinson  was  in  charge  and  Steve  Horvath  was  there.  The  test 
program  was  to  consist  of  two  hoars  of  mardiing  "on  the  trail"  to 
see  whether  the  "Eskimo  suits"  would  ventilate  better  than  conven> 
tional  cold  weather  clothing  and  thus  reduce  both  sweating  of  the 
wearer  and  moisture  plck>np  of  the  clothing.  Following  "the  march" 
the  subjects  were  to  lie  down  on  a  rug  vdiile  observers  measured  the 
fkll  in  their  rectal  and  skin  temperatures.  The  control  outfit,  the 
Army's  then  best  cold  weather  ensemble^  consisted  of  closely  fitted 
long  woolen  underwear,  overalls,  and  jackrt,  the  latter  two  lined  with 
wool  blanketing.  Since  there  was  no  category  of  soldier  test  subject, 
we  were  the  subjects.  Sid  Robinson,  an  Olympic  twomiler,  and  Sir 
Hubert  set  the  treadmill  for  "mashing,"  vmndng  at  3.5  miles  per  hour 
up  a  9  per  cent  grade  and  classified  as  Heavy  Work  by  any  standard. 

Sir  Habert  and  I  stripped  down  for  placement  of  the  thermo¬ 
couples.  One  look  at  Sir  Hubert  told  me  he  was  no  longer  young  and 
that  he  was  "soft"  This  worried  me  enough  that  I  volunteei^  to  walk 
behind  Sir  Habert  on  the  treadmill  in  case  he  should  get  in  trouble. 
Eventually,  we  were  clothed.  Sir  Hubert  in  the  "Eskimo  suit"  and  I 
in  the  control  outfit;  we  started  mushing.  In  20  minutes  I  had  had 
enough-  At  the  end  of  an  hour  a  box  lunch  was  brought  in  to  us — a 
wonderful  excuse  for  stopping  to  catch  my  wind.  I  asked  Sir  Hubert, 
"WeU,  sh^  we  stop  and  eatr  "No,”  he  replied,  "let’s  eat  on  the  trail," 
and  As  did.  I  was  too  busy  mushing  to  have  any  stomach  for  food 
Since  then  I  have  resisted  the  temptation  to  predict  fitness  on  the  basis 
of  appearance! 

The  two  hours  finally  passed,  and  we  reclined  in  accordance  with 
plan.  If  I  had  only  had  the  Eskimo  suit!  After  five  minutes  Sir  Hubert 
was  asleep;  I  be^  to  shiver  and  shake.  Word  from  the  control  room 
was  that  Sir  Hubert’s  rectal  and  skin  temperatures  were  falling,  while 
my  rectal  temperature  was  rising  slightly.  Obviously,  I  couldn’t  be 
cold! 

Had  >ve  used  soldiers  for  this  test,  we  might  have  gone  months  with¬ 
out  considering  the  third  essential  factor  (heat  production)  in  ther¬ 
mal  evaluation  of  Quartermaster  Corps  clothing.  As  it  was,  I  was  per¬ 
sonally  motivated  to  insist  that  it  be  measured.  I  knew  that  I  was 
worse  off  than  Sir  Hubert  The  only  way  this  situation  could  Im  ex¬ 
plained  was  by  combining  the  heat  production,  as  determined  from 
oxygen  utilization,  with  the  body  heat  loss  ns  measured  by  change  in 
rectal  and  skin  temperatures.  Subsequently  oxygen  utilization  was 
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measared.  About  that  time  Alan  Bartcm  ffafM  n*  tnm  Canada  and 
helped  tie  work  oat  a  system  for  computinf  insulation  values  for  the 
item  we  were  evaluating; 

aothlng _ K(T,t,.  -  T.I,) _  _  Air 

Insulation "  Metabolic  heat  Loss  of  Insulation 

minus  lung  loss  .  stored 
and  skin  loss  by  body 

vaporization  of  H,0  heat 

Use  of  an  appropriate  constant  yielded  haolation  values  hi  "do,"  the 
unit  of  inaction  previously  reconuneaded  by  Gagge;  Burton,  and 
Bazett  One  do  is  approxiinately  the  insidsfiim  provided  fay  n  business 
suit. 

Thnufidi  the  following  months  this  system  of  evaluation  of  dothing 
was  evolved  further.  It  was  later  described  m  detail  in  a  book  prepared 
under  guidance  of  a  Committee  of  the  Natamal  Research  Council  (1). 
Among  other  things,  it  was  found  that  aa  dectrically  heated  copper 
manikin  could  serve  as  a  substitute  for  test  subjects  in  certain  static 
tests  of  insulation,  thus  conserving  manpower. 

aothing  for  Arctic  activities;  In  cold  weather  a  man  usually  finds 
himself  wearing  more  insulation  than  he  needs  during  work  and  less 
than  he  needs  during  rest.  The  biophy^s  of  the  situation  suggests 
why  th^  is  so.  For  any  given  envizonmert  tiie  optimum  insulation  for 
maintaining  thermal  balance  is  about  five  or  six  times  as  much  at  rest 
as  at  work.  In  addition  are  the  vagaries:  1)  of  temperature,  which 
makes  the  insulation  requirement  for  a  given  activi^  at  least  twice 
as  great  at  — 40®F  as  it  is  at  20®F;  and  2)  of  wind,  which  can  easily 
halve  the  protective  effidency  of  the  dotldug  that  is  worn.  The  sug¬ 
gestion  that  dothing  for  cold  weather  should  incorporate  a  "thermo¬ 
statically  controlled  Venetian  blind"  prindide  to  control  heat  flow  is 
sensible,  but  engineers  have  as  yet  produced  no  practical  design. 

This  prindple  brings  us  back  to  the  Eskimo-type  dothing,  which 
proved  so  markedly  superior  in  the  test  mvolving  Sir  Hubert  (2). 
Worn  ivithout  underwear,  tailored  to  fit  loosely,  and  with  readily 
adjustable  dosures.  Sir  Hubert's  assembly  permitted  relatively  free 
ventilation  of  the  skin  during  periods  of  activity.  As  a  result  subjects 
sweated  less  and  a  smaller  amount  of  rooisture  was  collected  in  the 
clothing.  During  rest  and  with  the  apertures  closed,  the  two  layers  of 
pile  fabric  and  covering  of  closely  woven  windbreak  material  immo¬ 
bilized  a  considerable  thickness  of  insulating  air. 

These  principles  have  been  emulated  with  considerable  success  in 
present  Quartermaster  Corps  issue  clothing.  Unfortunately,  the  de¬ 
signers  have  been  hamMcappeti  by  the  nsiuirement  for  underwear  (for 
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•tnftary  reafoiw)  and  tlw  need  to  carry  a  load  on  tfw  back,  both  of 
nhldi  reaalt  In  obatmction  of  ventllatlm  daring  work. 

Since  1942;  the  Qaartermaster  Corpe  baa  Initiated  and/or  sponsored 
hnndreds  of  investigations  on  physiological  response  of  nun  in  the 
cold  (3).  I  nnist  lii^  my  disowsion  to  a  few  of  the  studies  which 
have  enhanced  oar  bunriedge  of  the  principles  of  cold  weather  protec' 
tion.  These  stodies  have  bem  greatly  aided  by  the  **enlisted  men*^  who 
have  served  as  test  sablects.  Many  of  them  have  endared  protracted 
discomfort  to  help  establish  these  ^ndples. 

Skepiag  bags.  In  sleeping  bags,  onr  challenge  we  learned  many 
lessons  (4),  Warmth  depends  on  thickness  of  air  entrapped  and  ren> 
dered  ‘‘gtSLT  Under  optimnm  conditions  aboot  4  do  iMolation  are 
obtainable  per  inch.  Actoalhr,  the  best  sleeping  bag  we  ever  tested 
offered  only  about  12  do  of  protection,  enoaid^  to  maintain  thermal 
eqailibriam  at  a  temperatnre  no  lower  than  -'20^F.  The  Qaarter* 
master  CorjM  doabIe4ayer  Arctic  bag  is  very  good,  bat  eqailibriam  is 
not  maintained  bdow  aboot  O^F.  The  extra  heat  that  flows  under 
colder  oouditions  derives  from  cooling  of  the  body  tisanes.  At  -40"F, 
a  man  wakes  up  cold  a  few  hoars  after  entering  the  "sack.’*  The  lesson 
here  is  to  warm  op  beforehand,  so  that  there  win  body  heat  to  lose. 
It  also  follows  that  a  casualty  cannot  be  left  in  a  sleeping  bag  for  any 
long  period  onder  these  conditions  without  compounding  his  iojuries 
wi&  frostbite. 

If  the  requirement  is  a  warm  sleeping  bag,  the  air-trapping  material 
must  fluff  out  to  three  inches  or  more  of  thickness.  If,  in  ad^tion,  the 
bag  must  be  portable^  it  must  be  compressible  for  pacing.  This  means 
that  it  win  also  compress  under  the  sleeper,  necessitating  auxiliary 
pnddfng  xmdemeath.  Can  the  bag  itself  have  a  buflt-in,  incompressible 
"bottom"?  Mummy  case  bags  don’t  They  are  most  effident  because 
they  conform  dosdy  to  the  shape  of  the  l^y.  A  sleeper  puts  out  heat 
equivalent  to  a  75  watt  bulb.  If  the  sue  of  the  bag  is  increased  so  that 
he  can  ron  over  without  shifting  the  pocition  of  the  bottom  padding, 
the  75  watts  win  be  heating  a  larger  "room."  In  fact,  anything  that  is 
done  to  increase  the  surface  area  of  a  bag  (independent  of  thickness) 
is  reflected  in  large  loss  iu  inaulative  efBdency.  This  was  shown  in 
experimental  "Front  Line"  sleeping  bags  which  had  a  division  below 
the  trunk  to  accommodate  the  two  legs  so  that  a  soldier  could  get  up 
Md  run,  or  at  least  walk.  This  bag  was  heavier,  but  more  important 
it  was  cold,  even  at  20'*F.  With  these  restrictions  in  mind,  I  can  sug¬ 
gest  only  one  possibility  for  providing  an  effident  Arctic  bag  with  a 
“bottom,"  This  solution  is  to  have  separate  head  protection  and  a 
rotatable  “collar”  at  the  neck  of  the  bag  so  that  the  sleeper  can  turn 
over  without  disturbing  the  bag. 

Blood  flow  to  extremities.  Quartermaster  Corps  physiologista  have 
made  substantial  contributions  to  knowledge  of  the  control  of  blood 
flow  to  the  extremities,  particularly  to  the  hands  and  feet.  The  prin¬ 
ciple  which  has  emerged  is  that  flow  of  warming  blood  to  the  hands 
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•nd  fe«t  Is  determined  bjr  over*sil  "need*  the  bodjr  to  dissipate  or 
conserve  heat  In  order  to  keep  core  tempeniiire  stable  (6). 

This  principle  of  blood  dlstribotion  to  te  extremities  was  learned 
bgr  venous  ocduslon  plethysmography,  U,  sealing  a  limb  in  a  "tin 
call*  to  see  how  fast  it  would  iUl  vdth  hblinr  pressure  arterial  blood 
after  Instantaneous  interruption  of  lower  pessure  venous  outflow  by 
a  tourniquet  In  one  study,  subjects  were  asMly  transferred  from  a 
warm  to  a  cold  environment  (6).  Blood  flew  to  the  hand  fell  from  a 
hiiii  to  a  very  low  level  in  moments.  In  neehrlinicnl  terms,  it  fell  to 
le«  than  a  teaspoonful  per  whole  Land  per  minute.  Oth^  Angers 
cooled  at  the  same  rapid  rate  as  a  finger  with  a  ti|^  rubber  band 
around  it 

Suds  obaervationa  led  a  Quartennaster  Corps  mathematician  to 
compute  the  thickness  of  insulation  neceasmy  in  the  finger  of  a  gjove 
to  maintain  hand  warmth  of  an  inactive  mm.  si  below  zero  tempera* 
tores.  It  was  so  enormous  that  no  one  shwe  has  made  any  s^ous 
effort  to  provide  all  the  needed  thermal  prstectiott  in  this  way.  Exces¬ 
sive  cooling  of  the  extremities  must  be  aieided  by  periodic  recourse 
to  physical  activity  or  shelter,  or  by  provhte  of  auxiliary  heat. 

Quartennaster  Corps  scientists  later  stafied  the  importance  of  a 
periodic  "automatic"  opening  of  blood  vends  in  cooled  extremities  for 
keeping  these  extremities  from  freezing  Thi*  reflex  phenomenon, 
earlier  described  by  Sir  Thomas  Lewis  for  a  finger  immersed  in 
crushed  ice,  provides  a  periodic  flush  of  — blood  (7).  It  waa 
suggested  that  this  response,  which  is  mna  better  dsvdoi^  in  some 
men  than  in  others  mid^t  be  used  in  selectiaa  of  personnd  for  duties 
in  extreme  cold. 

This  control  of  blood  flow  to  the  extrenabs  poses  a  dilpinma.  to  the 
body.  From  the  viewpoint  of  body  survival  ft  may  be  better  to  main¬ 
tain  wamth  of  centnd  organs  by  cutting  off  flow  to  the  limbs,  even 
if  it  means  their  sacrifice.  However,  the  boty^  solution  of  tilie  dilemma 
in  this  way  is  not  an  unmixed  blessing.  It  goes  without  saying  that  a 
man  with  frozen  hands  and  feet  is  severdy handicapped;  certainly  he 
is  a  liability  to  a  military  effort. 

Rewarming.  .^lother  related  practical  qpation  that  Quartermaster 
Corps  physiologists  have  attempted  to  ansner  concerns  the  efllciency 
of  various  methods  of  warming  the  body  fsOowing  exposure  (8).  In 
one  study  men  cooled  for  an  hour  at  — 40'*F,  then  marched  or  entered 
a  sleeping  bag  in  that  same  environment,  er  went  into  a  warm  room 
and  sat  While  skin  temperature  rose  moft  rapidly  while  they  sat  in 
the  warm  room,  that  did  not  mean  eariy  comfort  or  restoration  of 
body  heat;  the  subjects  shivered  intermittmtly  and  their  rectal  tem¬ 
peratures  actually  fell  for  nearly  an  hour.  This  proce<lure  turned  out 
to  be  far  less  effective  for  rewarming  thaa  exercise  in  the  cold;  the 
latter  restored  core  tempemturo  and  comfort  in  a  few  minutes. 

Nowadaj's  the  Quartermaster  Corps  doesn't  always  have  to  use  test 
subjectn  to  find  such  answers.  It  has  an  ekctrical  analog  into  which 
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eati  b«  plugged  the  information  about  temperature,  wind,  and  activ' 
iiyi  hopefuily,  the  computer  will  respond  electrically  aa  a  man  does 
thennally,  but  in  a  fraction  of  the  time  (9).  It  did  no  react  when  this 
aame  problem  wan  posed  to  it,  several  years  after  the  hard  work  had 
beendkme. 

AaxiUarr  heating.  Provision  of  a  limited  amount  of  supplemental 
protection  through  local  application  of  heat  Inside  the  clothing  is  a 
matter  of  on*going  concern  to  the  Quartennaster  Corps.  Some  asso> 
elated  physlologicid  problems  (quite  apart  from  logistic  ones  of  how 
to  supply  the  e^ri^  or  other  energy)  have  received  attention.  One 
approach  involved  finding  the  nuudmom  tolerable  safe  level  to  which 
sUn  temperature  could  be  raised  by  a  heating  pad;  the  hope  was  that 
enousdi  ^t  could  be  put  into  the  skin  of  a  lo^  area  to  cmnpensate 
for  excessive  losses  from  the  unheated  remainder  of  the  body  (10). 
Unfortunately,  the  maximnm  safe  temperature  turned  out  to  be  only 
about  104"F,  and  it  became  clear  that  an  area  as  large  as  the  entire 
trunk  would  have  to  be  heated  to  achieve  heat  balance  for  Inactive 
mm  at  below  zero  temperatures.  Another  and  current  approach  is  the 
provision  of  limited  hrat  to  prevent  excessive  cooling  of  the  extrem¬ 
ities.  This  is  not  as  easy  as  it  sounds.  I  remember  seeing  frostbite 
on  the  palmar  surface  of  two  fingers  under  circumstances  in  which 
the  wires  heating  the  backs  of  the  hands  and  fingers  had  been  hot 
enou^  to  raise  red  welts.  Clearly,  the  stated  principle  that  blood  flow 
to  the  hands  depends  on  over-all  need  to  conserve  heat  balance  was 
operating  here;  good  hand  drcnlation  had  not  been  achieved. 

Sweat  retention  in  dothing.  Arctic  explorers  have  referred  again  and 
again  to  the  danger  of  sweating  profusely  because  of  later  excessive 
evaporative  cooling  while  inactive.  The  Quartermaster  Corps  has  sup¬ 
ported  a  quantitative  investigation  of  this  phenomenon  (11).  The 
trouble  arises  because  the  outer  dothing  is  cold  and  sweat,  even  if 
evaporated  at  the  skin,  condenses  out  on  the  cold  doth.  For  example, 
in  zero  weather  it  was  found  that  80%  or  more  of  sweat  produced 
during  two  hours  at  leveb  of  activity  from  sitting  quietly  (sweat  pro¬ 
duction  1  ounce  or  less)  to  hard  work  (sweat  1  to  2  quarts)  remained 
in  the  clothing.  The  sweat  mechanism’s  aim  Is  to  achieve  sidn  cooling. 
If  what  the  skin  secretes  does  not  achieve  the  aim,  more  sweat  is  pro¬ 
duced.  In  this  study  the  effectiveness  of  the  sweat  for  skin  cooling 
averaged  only  about  50% ;  we  may  infer  an  approximate  doubling  of 
the  burden  on  the  sweating  mechanism  (and  body  water  economy) 
and  a  cor<*esponding  increase  in  uptake  of  moisture  in  the  clothing. 
The  only  relatively  bright  spot  in  this  picture  was  the  further  demon¬ 
stration  that  at  all  moderate  rates  of  sweating  the  moisture  accumula¬ 
tion  was  restricted  to  the  outer  layers  of  clothing.  During  subsequent 
periods  of  rest  evaporation  of  this  moisture  occurred  so  far  from  the 
skin  and  so  slowly  that  the  normal  rate  of  body  cooling  was  not  greatly 
accelerated.  The  over-all  effect  of  these  demonstrations  was  to  point 
up  the  requirement  for  better  ventilation  of  add  weather  fleW  uni- 
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forms  said  to  ihow  how  saecess  in  achieving  this  goal  coaid  be  evalu« 
The  stadr  also  sopportcd  a  radical  new  principle  for  the  control 
of  moisture^  naine^,  the  provision  of  an  inner  vapor  barrier  in  the 
clothing  to  prevent  the  sweat  from  reaching  the  outer  layers.  This 
principle  has  been  onder  investigation  and  is  in  use  in  the  '^Korean*' 
waterproof  boot. 

Thusy  in  many  ways  the  Quartermaster  Corps  has  helped  to  develop 
ft  firm  physioloj^cal  and  biophysical  basis  for  design  of  cold  weather 
clothing  and  equipment.  Profit  from  these  studies  must  eventually 
aceme  not  only  to  the  soldier  who  is  equipped  by  the  Quartermaster 
Cbtpa»  but  to  an  who  face  the  elements  in  the  development  of  Arctic 
areas. 
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CnmMkM  Rnvt  ft  It  •  apteial  p!«m«m  to  latfodnea  out  next  aptslMr  who  It  iho 
Bmowfc  Dfnetor  of  tho  Toxtitt,  Clothing,  ud  Footwsor  Divfsion  of  tho  Qoor* 
tomtdor  Hwwreh  oad  Commoai.  Ho  la  Dr.  8.  J.  Koaaodjr.  Dr. 

Kaaaodjr  hao  had  a  gmt  dial  to  do  with  tho  planainf  and  arraaglaf  ^  thia 
ooafircseab  At  tUa  ttmo  ho  win  apoak  on  tho  ashjoet  ''dothlaf  am  Poraonal 
Pkotoettoa."  Dr.  Konaodf. 


CLOTHING  AND  PERSONAL  PROTECTION 
Stephen  jr.  Kennedy 

Gnjutemuuter  Roseareh  and  Engineering  Command 
Natkk;  IfaaaaehuMtta 

Ironicanp,  on  the  very  day  the  Japanese  struck  Pearl  Harbor,  an 
action  vrh^  immediately  compelled  our  Army  to  think  about  the 
defense  of  Alaska,  the  Gennan  war  machine  was  being  frozen  in  its 
tracks  by  — 82*F  cold  and  deep  snow  right  in  front  of  Moscow  and 
Leningrad.  How  completely  unprepared  the  Germans  were  for  fighting 
under  such  Aretie  conditions  hu  been  clearly  brought  out  in  the  war 
memoirs  of  General  Heinz  Guderian,  Commander  of  one  of  Hitler's 
Panzer  Annies  in  the  invasion  of  Russia.  Lack  of  proper  clothing,  he 
stated,  caused  them  twice  as  many  casualties  as  the  enemy's  fire  and 
lost  them  their  chance  for  success. 

In  retrospect  we  can  be  thankful  for  Hitler's  miscalculations.  How* 
ever,  we  should  also  realize  that  in  1941  the  American  Army  was  even 
less  prepared  than  the  Germans  for  winter  fighting.  Our  regular  Army 
winter  uniform  was  inadequate  for  combat  troops  anywhere  in  the 
world.  As  pointed  out  by  lieutenant  General  E.  B.  Gregory,  the  World 
War  n  Quartermaster  General,  our  Army  uniform  had  been  gradually 
converted  from  a  comparatively  loose>fitting  field  uniform  into  a 
tightly  fitted  uniform  suitable  only  for  garrison  wear.  Soldiers  usually 
had  local  tailors  shape  their  Ioo8e>fitting  uniforms  so  tightly  that  the 
buttons  were  always  under  strain.  This  undesirable  conversion  has 
been  embraced  by  all  Armies  in  peacetime.  Unfortunately  our  Army 
was  no  exception. 

Thus  we  had  no  cold  weather  combat  uniform  when  war  broke  out 
All  we  had  was  the  soiled  Alaskan  List — a  tabulation  of  some  thirty 
supplementary  items  of  clothing  and  equipment  These  extra  items 
(e.g.,  lined  coat  and  cap)  were  in  limited  supply  and  had  undergone 
little  change  in  20  years. 

Except  for  a  change  in  the  collar,  our  1941  Army  uniform  was  not 
significantly  different  from  the  one  used  in  the  fighting  of  World  War 
I.  We  did  have  canvas  leggings  in  place  of  spiral  wound  puttees  and 
trousers  in  place  of  breeches.  With  the  elimination  of  the  blue  dress 
uniform  for  reasons  of  economy,  the  olive  drab  wool  serge  uniform 
served  both  for  field  and  garrison  wear  in  the  winter  months. 

For  summer  wear  we  had  cotton  khakis,  with  which  our  officers 
wore  tightly  fitted,  trim-looking  cavalry  boots,  which  would  have 
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proved  thorougMjr  unMtiefactorjr  and  condodw  to  cold  Injury  If 
worn  In  cold  ellmatoa. 

From  the  outbreak  of  the  war  It  waa  apparent  that  unlike  previous 
wars  In  which  lighting  had  either  lessen^  considerably  or  come  to  a 
complete  halt  during  winter,  the  extremes  of  climate  were  not  going 
to  stop  fighting  In  this  war;  rather,  both  aides  were  going  to  take 
advantage  of  the  environment  and  use  It  as  a  weapon.  Hence,  adequate 
and  efiTe^ve  cold  climate  clothing  was  a  matter  of  urgem^  for  protec¬ 
tion  from  cold  Injury  or  loss  hi  fighting  efiklency  in  any  potential 
front  in  the  norths  hemiaphere  as  well  as  in  Alaeka  or  in  other  true 
Arctic  or  anb-Aretic  areas. 

What  approach  to  take  toward  developing  such  clothing  preaented 
a  difiScnlt  problem.  There  was  strong  oidnion  among  those  conadted 
that  the  bett  solution  was  to  adapt  native  type  clothing  and  use  furs 
as  did  the  Ealdmoe.  The  Scand^vian  forces  In  the  Buaao-FInnlsh 
War  of  1989-40  had  used  furJined  clothing,  employing  furs,  however. 
In  quite  a  different  way  from  that  of  the  Eaktox^ 

There  was  also  the  question  of  whether  to  use  a  long  overcoat  for 
protection  of  the  legs  and  for  general  body  warmth,  as  was  done  by 
the  Germans,  the  Bnaaiana,  and  Scandinavians,  or  whether  to  use  a 
short  thigh-length  jacket  If  the  latter  were  us^  how  were  the  legs 
to  be  kept  warm  and  dry  in  wet  weather  when  the  coat  shed  its  water 
onto  the  legs? 

It  was  in  tackling  these  problems  and  many  related  ones,  that  the 
Quartermaster  Corps  made  its  foremost  contribution  daring  World 
War  n  toward  extending  the  capability  of  men  living  in  the  Arctic 
and  at  the  same  time  gave  impetus  to  a  program  which  has  since 
continued  to  pioneer  in  contributions  to  cold  climate  clothing  for  both 
civilians  and  the  military  services. 

Bather  than  look  to  the  past  empirical  solutions  of  cold  weather 
clothing  problems  by  either  Arctic  natives  or  textile  and  clothing 
industries  of  other  countries,  the  Quartermaster  (torps  tursifd  to 
sdentifie  data  from  the  fields  of  physiology,  phjrsics,  and  textile  tech¬ 
nology;  and  using  materials  available  from  mass  production,  sought 
to  improve  cold  weather  clothing. 

Shortly  after  the  outbreak  of  the  war.  Dr.  Paul  A.  Siple,  who  had 
just  returned  from  the  Antarctic  Seirice  Expedition  with  Rear 
Admiral  Richard  E.  Byrd,  was  asked  to  prepare  a  general  statement 
of  the  principles  governing  the  selection  of  clothing  for  cold  dimates. 
That  report  summarized  what  was  known  at  that  time  from  the 
fields  of  physiology  and  dimatology  about  the  functioning  of  clothing 
assemblies  in  cold  climates,  as  wdl  as  Dr.  Siple’s  practical  experience 
gained  in  these  expeditions  to  the  Antarctic. 

To  apply  these  principles,  a  research  and  development  program  was 
launch^  by  the  Office  of  The  Quartermaster  General  under  the  leader¬ 
ship  of  Colonel  (later  Brigadier  General)  Georges  F.  Doriot.  This 
program  included.  In  addition  to  the  actual  development  of  the  items, 
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•  buie  KMMrcfi  proieet  directed  toward  t.*'^  farther  elucidation  of 
theae  principle^  not  only  to  leam  how  to  prevent  cold  injary,  bat 
also  to  make  poeitive  contrlbotiona  toward  aagmentin sr  the  physical 
efficiency  of  the  troops.  As  part  of  this  profeci^  provision  was  made 
for  phjnfoiogical  testing  in  the  Climatic  Besearch  Laboratory  at 
Lawrence,  Ifassachasetts,  and  for  accelerated  serviceability  testing 
at  the  Qaartermaster  Board  at  Fort  Lee^  Virginia.  At  Fort  Lee  items 
were  worn  on  controlled  test  courses  that  reproduced  the  actual 
stresses  and  strains  of  combat  conditions.  The  results  of  the  testing 
were  then  analysed  statistically  to  determine  which  of  several  alter¬ 
nate  solutions  would  be  the  be^ 

The  resources  of  the  scientific  worid  were  enlisted  particularly 
through  the  Committee  on  Aviation  Medicine  of  the  National  Acad> 
emy  of  Sciences — ^National  Research  Council  and  the  corresponding 
Canadian  Committee.  A  part  of  the  woric  of  these  committMS  was 
directed  specidcaHy  towari  the  scientific  study  of  the  soldier’s  cloth¬ 
ing.  Their  work  and  that  of  a  large  number  of  scientists  in  both 
countries  yielded  a  great  deal  of  information  that  could  be  utilized  by 
equipment  designers  and  textile  technologists  in  development  of  what 
the  Army  needed. 

When  this  program  was  launched  in  the  spring  of  1942,  there  was 
an  argent  need  to  arrive  at  some  conclusions  in  order  that  immediate 
large-scale  procurement  of  clothing  could  be  made  for  troops  being 
sent  north  for  the  defense  of  Alaska.  Accordingly,  in  Hay  1942,  in 
order  to  resolve  questions  as  to  suitability  of  newly  develoi^  experi¬ 
mental  Arctic  items,  a  test  team  of  seventeen  highly  qualified  moun¬ 
tain  and  Arctic  specialists  was  flown  to  Mt.  McKinley,  Alaska,  the 
only  place  under  U.  S.  control  where  Arctic  conditions  (down  to 
— 20*’F)  prevail  during  the  late  spring  season.  Here  for  two  months, 
these  men  lived  with  and  tested  over  100  items  of  Arctic  clothing, 
tents,  and  other  equipment.  Included  in  this  group,  which  was  sup¬ 
plied  in  one  of  the  fi^  large-scale  Army  air  drop  operations,  were 
Major  Robert  Bates  in  command;  Brad  Washburn,  whose  name  will 
always  be  associated  with  Mt.  McKinley;  Terris  Moore;  AI  Jackman; 
Wing  Commander  Peter  Webb  of  the  RCAF;  and  others  who  dis¬ 
tinguished  themselves  during  the  war  for  their  contributions  to  the 
improvement  of  Quartermaster  colu  climate  equipment. 

Testa  like  this  yielded  two  important  by-products.  One  was  that  we 
needed  a  much  clearer  definition  of  the  clothing  requirements,  prefer¬ 
ably  in  quantitative  terms.  Instead  of  making  a  garment  which  some¬ 
one  thought  would  meet  the  need,  we  had  to  know*  if  it  actually  would 
do  so.  The  other  was  the  discovery  that,  regardless  of  prior  experience 
with  any  clothing,  soldiers  could  not  be  depended  upon  to  use  the  new 
clothing  properly;  they  had  to  be  completely  re-educatetl  in  the  use 
of  the  new  items. 

Two  major  principles  employeil  in  the  cold  weather  clothing  de- 
vetopeil  at  this  time  are  worthy  of  mention  for  their  subsequent  impact 


58 


upon  both  milltaiy  and  civilfan  cold  weather  elothinir  design.  The  first 
was  the  principle  that  cold  climate  clothing  derives  its  efficiency  in 
protecting  against  the  cold,  not  from  the  weight  or  mass  of  the 
material  used,  bnt  from  its  entrapment  of  still  air.  For  the  system  to 
be  effective,  a  windproof  and  water  repellent  outer  "shield"  fabric 
is  needed  to  serve  as  a  bafile  against  the  wind  and  to  keep  the  insulat- 
ing  layers  dry  from  external  moisture.  The  insulating  layers  can  then 
be  as  light  as  technology  permits  so  long  as  the  air  spaces  do  not 
exceed  approximately  in  cross  section. 

Thus,  in  place  of  the  wool  overcoat,  made  from  a  fabric  weighing 
82  ox/sq  yd  and  which  would  absorb  more  than  its  own  weight  of 
water,  a  wind  resistant  and  water  repellent  cotton  jacket  and  trousers 
were  adopted  for  the  outer.garment.  Wool,  as  a  fiber,  was  then  used 
for  the  task  it  could  perform  extremely  well — providing  insulation  in 
the  underlayers  of  cubing. 

The  second  fundamental  principle  followed  was  that  of  going  to  a 
"layer"  system  of  clothing.  This  system  provided  one  way  of  dealing 
with  the  ISO*  temperature  range  (from  F  to  -OS^F)  over  which 
cold  climate  clothing  had  to  be  effective  and  the  range  in  activity 
levels  of  the  soldier  from  hard  manual  labor  or  running  to  being  com¬ 
pletely  inactive  for  as  long  as  six  hours  at  a  time.  Thus,  a  layer  could 
be  removed  or  added,  or  vents  at  the  wrists,  neck,  and  waist  could  be 
opened  or  closed,  depending  on  whether  the  man  needed  to  cool  off  or 
to  conserve  his  body  heat.  The  sjrstem  was  also  more  efficient  than  a 
single  layer  system  would  have  been,  because  it  permitted  extra  air- 
entrapment  along  the  fabric  surfaces  which  gave  "free"  insulation. 

The  fun  functional  efficiency  of  this  system  was,  unfortunately, 
compromised  by  the  necessi^  for  including  in  the  ensemble  an  item 
of  s^dress  uniform  in  the  style  of  the  soiled  Eisenhower  jacket 
and  wool  trousers.  This  jacket  was  designed  to  serve  a  functional  pur¬ 
pose  when  worn  over  certain  insulating  layers  in  the  clothing  system 
and  also  a  dress  purpose  as  the  iumy  Service  uniform.  Actually  it 
served  neither  purpose  satisfactorily. 

To  protect  against  outright  cold  injury  the  Army  footgear  needed 
radical  changes.  The  history  of  trench  foot  in  World  War  I  and  the 
long  record  of  frostbite  in  iffi  previous  wars  made  it  clear  that  means 
must  be  found  to  prevent  such  injuries  again  on  a  large  scale. 

Redevelopment  of  the  Army  leather  shoe  to  a  cuff-type  boot  that 
could  easily  be  removed  for  change  of  socks  and  for  foot  massage, 
with  elimination  of  leggings,  was  one  approach.  Shoepacs  with  remov¬ 
able  felt  insoles  and  multiple  sockgear  were  developed  for  use  by 
troops  in  wet  cold  climates.  Using  the  Eskimo  mukluk  as  a  model,  a 
military  mukluk  with  removable  felt  insoles  and  heavy  wool  socks  in 
place  of  the  native  furs  was  developed. 

While  these  types  of  footgear  alone  were  not  fully  adequate  to 
prevent  cold  injur)*,  the  cold  injuries  that  occurretl  were  mainly  caused 
by  other  factors.  Actually,  the  World  War  11  footgear  of  our  Army, 
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M  dmioped  by  QuAttermasier  research  and  development  waa  the 
beat  fnnctfonal  design  to  data. 

Fortnnatelx,  a  fundamental  solution  to  the  problem  of  cold  injury 
to  the  feet  waa  discovered  in  the  course  of  this  (^rtemiaster  research 
and  development  program. 

In  1344,  major  Paul  Siple  and  the  late  Dr.  H.  C.  Bazett  hit  upon 
the  revolutionary  concept  of  sealed  insolation  type  footgear.  There 
waa  no  time  during  the  war  to  work  out  this  conc^  in  actual  produc¬ 
tion.  Despite  efforts  in  the  early  postwar  years,  it  waa  not  successfully 
achieved  until  1951,  when  the  Hood  Rubber  Company  first  developed 
a  practical  sealed  insolation  boot.  It  waa  then  immediately  made  avail¬ 
able  to  our  forces  in  Korea  and  contributed  to  the  almost  complete 
elimination  of  this  source  of  cold  injury  in  the  winter  of  1962-53  and 
aabsequent  years.  This  concept  has  bem  perhaps  the  most  important 
breakthroo^  in  recent  years  in  the  whole  field  of  milita^  cold 
climate  clothing  and  has  made  possible  the  effective  control  of  cold 
injury  to  the  feet  under  most  combat  conditions. 

It  is  impossible  here  to  dwell  on  the  many  other  developments  in 
cold  climate  clothing,  equipment,  and  combat  materials  which  con¬ 
tributed  significantly  to  the  preparation  of  the  U.S.  Army  soldier  for 
effective  operations  in  cold  dilute  environments  during  World  War 
n.  Two  items,  however,  should  be  mentioned.  One  was  the  sleeping 
bag  for  use  of  troops  in  cold  climates,  which  replaced  blankets  that  at 
best  were  inadequate. 

The  other  was  the  development  of  a  lightweight  4-  to  6-man  tent, 
following  principles  advanced  by  Sir  Hubert  WilUns.  This  4-  to  6-man 
pyramidal  tent  was  compact  and  yet  fully  adequate  for  field  needs, 
capable  of  being  man-carried,  and  represented  the  austerity  practiced 
by  experienced  Arctic  explorers.  It  served  as  a  model  for  the  kind  of 
functional  approach  whit^  the  Army  needed  to  extend  its  capabilities 
in  such  a  region. 

This  review  of  Quartermaster  World  War  II  contributions  may 
aeon  to  some  of  you  to  be  repeating  the  obvious,  as  would  be  the  case 
in  telling  of  the  work  of  early  Arctic  explorers,  so  easy  is  it,  after 
the  fact,  to  accept  unappreciatively  the  achievements  of  pioneer 
workers  in  a  field. 

However,  we  should  recognize  that  even  the  development  by  the 
Quartermaster  Corps  of  a  simple  and  practical  method  for  shrink- 
proofing  of  wool  te:rtiles  in  order  to  make  the  Army  cushion-sole  sock 
truly  washable — a  long-wanted  improvement  in  civilian  woolens — 
was  a  major  departure  from  industry  practice. 

Never  before  tried  by  the  textile  and  clothing  industries,  the  Quar¬ 
termaster  Corps  research  and  development’s  approach  of  controlled 
testing  and  application  of  scientific  data  to  design  and  development  of 
clothing  was  indeed  revolutionary.  It  marked  the  beginning  of  an  era 
in  which  the  application  of  scientific  metho<ls  Nvould  make  practicable 
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ilM  tiM  of  nuuijr  now  textilo  fibon  thmagh  the  engineering  of  fabric* 
nad  the  derelopment  of  n  edenee  of  clothing. 

It  rendered  oar  Army  capable  of  aaeceeafal  defense  of  Alaalca,  had 
that  become  neeeeearjr,  and  ‘troald  have  enabled  oar  troope  to  dght 
ioceessfalljr  thxoagh  wlntere  moth  colder  than  those  of  western 
Earope.  This  feat  was  accomplished  by  developing^  procnring,  pro- 
da^g,  and  distriboting  a  completeljr  new  clothing  assembljr  and 
geWng  It  Into  the  hands  of  troops  In  Ices  than  two  gears'  time.  In 
contrast  to  oar  present  long  development  cycles  this  was  no  small 
achievement. 

Pffldte  the  improvements  which  had  been  made  as  a  result  of  the 
wartime  effort  in  the  Army's  cold  climate  clothing.  It  would  have  been 
most  anfortaaate  had  this  development  program  been  ooncloded  with 
the  end  of  the  war.  The  sheer  magnitude  of  the  task  of  chana^g  over 
the  Army  clothing  system  from  what  It  had  been  to  the  newly  de> 
veloped  assembly  had  resolted  In  compromises  and  snbetltatlons 
which  left  the  job  only  partly  completed.  That  tfae  Job  was  incomplete 
was  recognized  generally  by  the  users  who  in  1947  laanched  the  com> 
prehensive  re-examination  of  all  cold  weather  equipment  in  the  triple 
test  program  of  “FW’,  “Frigid",  and  “Wffliwaw”.  Here  the  Army's 
cold  weather  clothing,  as  develop^  during  World  War  II,  was  sub* 
Jected  to  a  complete  re-evaluation  in  controlled  field  operations. 

Based  upon  those  teats,  a  modified  cold  climate  clothing  assembly 
was  developed  in  1948-49  in  which  complete  separation  was  made  of 
the  functional  clothing  of  the  Army  from  its  sei^ce  uniform.  In  place 
of  the  Eisenhower  jacket,  a  comfortable,  sporte^e  shirt  made  from 
a  heavy  wool  fiannel  was  adopted  as  a  genei^  utility  garment  in  which 
the  soldier  would  be  presentable  for  any  normal  theater  conditions 
in  time  of  war,  and  which  also  would  serve  as  a  functional  insulating 
garment  in  the  clothing  system.  I  am  glad  to  say  that  this  item  has 
become  one  of  the  best  liked  clothing  items  ever  developed  by  the 
Quartermaster  Corps. 

Extra  “free”  insulation  was  made  available  by  the  adoption  of 
loose-fitting,  pajama-type  underwear  made  from  the  Army's  standard 
50/60  wool/cotton  fabric  and  by  generally  loosening  up  the  fit  of  all 
of  the  garments  in  the  system. 

A  new  type  of  face  and  neck  protection  was  adopted  based  on  an 
extendable  hood  with  a  malleable  wire  stiffener  that  could  be  bent  in 
any  suitable  way  to  protect  against  the  prevailing  wind. 

This  new  clothing  assembly,  although  not  different  in  principle  from 
that  adopted  in  1943,  represented  a  very  considerable  advance  in  im¬ 
proved  fit  and  the  use  of  better  materials.  Also,  it  exploited  to  a 
greater  extent  the  previous  e.xperienco  of  the  military  population  of 
wearing  civilian-type  clothing  in  order  to  reduce  training  time  and 
to  make  it  easier  to  use  the  new  items  properly.  This  facility  whs 
accomplished  by  de.signing  the  clothing  so  that  all  ]a>*eni  would  open 
down  the  front  for  ventilation  when  needed  for  cooling  off  or 
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iveventlng  overheating  This  new  clothinff  underwent  it#  Ant  large- 
eeale  trial  in  the  Korean  War, 

While  maeh  of  the  Worid  War  11  clothing  wae  still  In  the  system, 
huge  qujuititlee  of  this  new  clothing  did  get  to  Korea  and  it  was 
pronounced  an  exceilent  cold  weather  clothing  system— by  far  the  best 
wMdi  our  Army  had  ever  been  provided. 

That  the  basic  principles  and  construction  of  this  assembly  were 
sound  is  attested  to  fay  the  fact  that  the  Canadian  Army  had  adopted 
a  quite  similar  cold  weather  uniform  system  which  is  actually  fune> 
timieny  interchangeable  with  that  of  the  U.  S.  Army.  More  recently, 
the  British  Army  has  also  adopted  a  similar  type  of  cold  weather 
clothing.  This  same  clothing  was  also  selected  for  the  support  of  the 
U.  S.  civilian  sdentifle  personnel  in  the  Antarctic  during  the  Inter- 
national  Geophysical  Year. 

While  this  clothing  system,  adopted  as  the  M-1960  model,  repre¬ 
sented  a  major  advance  in  our  capabilities  for  effective  military 
operation  in  the  Arctic,  there  were  still  many  things  about  it  that 
needed  basic  hnprovement 

Since  the  Korean  War,  our  cold  climate  clothing  has  been  subjected 
to  thorough  scrutiny  in  order  to  correct  its  obvious  deficiencies  and 
to  take  account  of  changing  requirements  and  the  very  substan¬ 
tial  technologital  advances  which  have  been  occurring  in  the  textile 
tedustry. 

Among  its  serious  deficiencies  have  been  its  weight,  which  is  un¬ 
questionably  beyond  what  the  man  should  have  to  carry;  lack  of 
adequate  water  repellcncy,  requiring  frequent  re-treatment  of  the 
clothing:  the  inability  to  wear  the  helmet,  because  of  an  inadequate 
solution  of  the  problem  of  the  spatial  configuration  about  the  head; 
imbalance  between  the  insulation  provided  to  the  hands  and  feet  and 
the  rest  of  the  ensemble;  and  the  inadequacy  of  the  footgear  for  use 
with  skis. 

In  addition,  new  concepts  have  developed  for  the  deployment  of 
troops  and  their  weapons  which  add  substantially  to  the  problem  of 
protection  in  the  cold.  The  need  for  rapid  dispersion  of  troops  to 
avoid  their  becoming  a  profitable  enemy  target  calls  for  mobility 
characteristics  which  are  difficult  to  achieve  in  the  Arctic  and  places 
a  premium  on  mobility  of  the  individual  soldier. 

Further,  other  requirements  in  recently  established  Military  Char¬ 
acteristics  call  for  better  integration  of  warm  climate  clothing  with 
cold  climate  clothing  so  that  a  man  will  be  prepared  for  operation  at 
any  time  in  any  place;  for  incorporation  of  chemical  warfare  pro¬ 
tection  into  the  cold  climate  clothing;  for  protection  against  thermn! 
effects  of  nuclear  weapons;  and  for  the  capability  of  wearing  body 
armor  with  the  cold  climate  clothing. 

Successful  solutions  to  several  of  the  above  problems  have  greatly 
Improved  the  efficiency  of  tho  entire  clothluK  ayalem. 

One  recent  improvement  ha.H  been  a  substantial  weight  rc<Iuction 
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fn  th*  bnic  extreme  cold  or  eofcMrjr  urm  ehiidag  from  26  lb  to  20  Ih 
(2^%).  Ceretut  examination  of  the  entire  eyxtem  showed  that  weight 
eorld  be  reduced  by  using  newly  engineered  lighter  weight  fabrics  of 
comparable  wear-  and  water-resistance  and  Insulating  properties. 
Because  of  the  present  technological  revolution  In  the  textile  and 
clothing  Industries,  these  new  materials  are  not  considered  the 
ultimate;  but  they  tune  been  tested  and  approved  for  adoption. 

A  second  slgnldcant  contribotloa  to  the  capabilities  of  military 
forces  In  Are^  areas  was  the  development  In  our  laboratories  of 
QUABPEL,  a  water-repellent  functional  dnieh  for  textiles  and  of 
exceptional  performance  and  durability.  When  applied  to  the  shield 
fabric  of  the  cold  weather  clothing  assembly,  QUABPEL  withstood 
continuous  rainfall  for  over  seven  days  and  permitted  no  seepage. 
It  retains  its  water  repelleney  after  laundering  so  that  clothes  need 
not  be  re>treat.xi  In  the  fidd.  Even  after  15  launderings  QUABPEL' 
treated  fd>rie  is  as  good  as  the  best  present  eommercisdly  treated 
fabrics  when  new.  Cold  climate  clothing  made  from  QUAEPEL- 
treated  fabrics,  and  sewn  with  QUABPEL^reated  thread,  is  now 
going  into  production  testing  in  the  industry. 

To  reduce  the  imbalance  in  the  insulation  between  the  hands  and 
feet  and  the  rest  of  the  assembly,  two  actions  have  been  taken.  The 
principle  of  the  sealed  insulation  boot  has  been  extended  to  extreme 
cold  Arctic  areas  by  the  adoption  of  a  vdiite  insulated  boot  having  a 
higher  amount  of  insulation  than  the  present  black  boot.  This  new 
boot  will  replace  the  mnklnk  with  its  sockgear  and  removable  in- 
aoles,  the  last  of  the  native4ype  items  in  our  cold  weather  clothing 
aystem.  This  new  white  insulated  boot  was  worn  by  Dr.  Siple  at  the 
&oth  Pole  two  winters  ago  at  temperatures  of  -102'*F  without 
serious  discomfort  or  cold  injuir.  However,  these  boots  have  only 
limited  compatibility  with  the  present  Anny  cn^s  country  ski  bind¬ 
ing  and  none  with  the  mountain  ski  binding.  The  new  requirement 
for  a  high  degree  of  individual  over-snow  mobility  in  the  Arctic  will 
necessitate  the  development  of  a  modified  version  of  the  vapor  barrier 
boot  with  a  variety  of  experimental  ski  bindings  and  superior  to  the 
prototypes  that  were  provided  to  the  Mountain  and  Cold  Weather 
Training  Command  for  evaluation  this  winter. 

New  types  of  handgear  are  presently  under  development  incor¬ 
porating  principles  of  shaping  according  to  the  natural,  relaxed  hand 
and  with  differential  insulation  so  that  more  insulation  is  placed  over 
the  back  of  the  hand  where  blood  vessels  lie  close  to  the  skin  surface. 
These  gloves,  used  with  mitten-type  inserts,  now  under  test  act 
primarily  as  hand  warmers.  To  perform  any  special  mission  other 
than  gross  handling,  the  hand  must  be  removed.  The.<H>  gloves  partially 
solve  the  conflicting  re<iuirements  of  warmth,  dexterivy,  and  tactility. 

Sometimes  men’s  duties  force  them  to  remain  inactive  for  loi  a' 
periods  when  high  manipulative  skills  are  required,  i.e..  operation  of 
exposed  Are  control  radars  and  a.s.sociatctl  computors.  Here  the  hands 
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beeoiM  chilled  «nd  etlif  and  Incapable  of  Ibie  manlpalatlona  after  a 
while,  Occuionallx  aoldiera  are  expoaed  on  open  vehiclea  and  aelf' 
propelled  weapona,  each  as  the  11^6,  fan-tracked,  90  mm  Howitzer, 
and  nuqr  be  aohleeted  to  high  wind  ehiHa  while  the  vehicle  or  weapon 
la  in  motion. 

For  theae  apecial  conditiona  we  are  developing  aoxniary  heating 
devfcea.  It  ia  expected  that  theae  wfll  aignificanttjr  increaae  the 
cfficiencjr  of  man/machine  aystema  in  the  cold  and  enable  men  to 
perform  miaoiona  with  the  preaent  cold  weather  clothing  which  coold 
not  otherwiae  be  done.  Chamber  atadiea  already  completed,  aaing 
dectrically  wired  aocka  and  handgear  powered  by  an  8>Ib  rechargeable 
battery  v^  have  ahown  that  the  heat  famiahed  wfll  eliminate  ex- 
ceaaive  chifl  of  the  extzemitiea  under  cold  weather  conditiona  for  an 
indeaSnite  period.  The  aocceaafal  development  of  a  practical  field 
anzfliazy  heading  aystem  depends  principatfly  npon  the  ^elopment  of 
a  minijdarized  tba!nx>statie  control  system  of  hi|^  reliability.  Pres¬ 
ently  available  systems  have  the  limitation  of  being  either  too  large 
to  provide  reliable  conta>l  of  temperatnre  at  the  critical  points  or 
of  being  delicate^  laboratory-type  potentiometers. 

The  problem  of  the  protection  of  the  face  and  head  area  in  the 
Arctic  remains  to  be  solved.  All  of  the  conventional  approaches  which 
work  wdl  for  dvflians,  including  the  nae  of  well-engineered  for  raffs 
aroand  the  hood  to  insare  proper  fit  and  functioning,  fall  down  when 
the  full  military  requirements  are  added  to  them.  The  natural  furs 
are  fiame  and  thermid  hazards  and  can  be  readily  contaminated  with 
chemical  warfare  agents.  The  cloae-fitting  hood  is  not  compatible 
with  the  helmet  as  it  makes  it  unstable.  Face  protection  in  Arctic 
areas  reduces  seeing  and  wearing  ability,  both  of  which  are  of  the 
utmost  importance  from  a  military  standpoint;  and  the  force  of  the 
wind,  which  causes  the  eyes  to  water  or  the  cheeks  to  freeze,  neces¬ 
sitate  the  kind  of  face  protection  which  wfll  accomplish  something 
none  has  done  so  far. 

While  there  is  much  more  that  could  be  said  to  reflect  the  improve¬ 
ments  being  made  in  cold  climate  clothing  to  increase  tht.  capability 
of  man  living  in  the  Arctic,  it  would  probably  be  well  at  this  point  to 
summarize  briefly  the  lines  along  which  we  feel  future  research  and 
development  would  be  fruitful.  We  would  suggest  three  suck  lines: 
one  in  the  area  which  we  refer  to  as  the  biophysics  of  clothing;  a 
second  in  the  science  of  functional  clothing  design;  and,  third,  ma¬ 
terials  research,  exploiting  the  present  tremendous  capabilities  of 
the  textile  industries  for  providing  specific  properties  in  textile 
fibers. 

The  biophysics  of  clothing  is  significant  today  because  it  is  an  inter¬ 
disciplinary  approach  (physiology,  psychology,  physics,  clothing  de¬ 
sign.  and  textile  science)  which  relates  the  human  work  efficiency 
and  comfort  to  the  military  task  in  a  particular  environment.  In 
earlier  efforts  to  apply  the  principles  of  science  to  clothing  develop- 
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mmtt  looked  to  the  phfefofogiet  for  Inteastfoii  ehoot  the  men 
end  to  the  ehmetologfet  for  knowledge  of  the  environment.  However^ 

little  or  nothing  wee  known  eboot  the  phfiles  ef  how  dothinff  meteriele 
interacted  with  each  other  or  with  the  comples  memdothing-enviimi' 
ment  eyetera.  Moreover,  experlmentel  memremente  were  mede 
ehnoet  entireljr  under  ^eteedjr  etete^  conditions  for  simplicity  end 
redaction  of  tlm  number  of  variablee.  Using  the  comprehensive  bio> 
physieel  epproech,  the  end  prodact  should  be  e  clothing  syatem  in 
which  eU  <rf  the  elements— men,  environment  end  dotfaing— ere  oom> 
peMly  releted. 

In  1947  Dr.  Herwood  Bdding  measured  the  ^crease  in  effective 
insuletion  with  movement  in  the  Arctic  dothlBg  of  that  timer  Work 
in  reomt  years  has  been  concentrated  on  dserioping  a  quentitetive 
understanding  of  the  physical  mechanisms  imdved  so  that' clothing 
can  be  design^  that  optimizes  the  balance  between  static  and  dynamic 
insulating  ^Idendes.  A  spedfic  problem  here  ii  tiut  of  minimizing 
the  rate  of  heat  loss  when  the  activity  level  to  low  and  of  increasing 
the  rate  of  heat  loss  as  the  activity  levd  rises. 

Studies  conducted  by  the  Harris  Besearch  laAsratory  on  the  effects 
of  spacing  dimensions  in  body  dothing  in  tctotion  to  body  activity 
have  pointed  a  way  toward  controlling  the  roAs  of  air  movement 
within  the  clothing  system  when  the  man  beconwa  active  through  con¬ 
trolling,  in  turn,  the  spacing  factors  in  the  dotidng  system.  These 
studies  of  tiie  effects  of  relative  movement  of  the  tody  and  the  dothing 
have  revealed  that  motion,  per  se,  does  not  aecesaarily  result  in 
ventilatioiL  It  may  result  merely  in  mixing  of  tiie  sir  between  the  body 
and  the  dothing. 

However,  where  sizable  temperature  differences  exist  between 
spaced  laym  of  dothing,  as  would  be  the  case  hi  an  Arctic  winter 
environment;  this  mixing  effect  could  be  ezpected  to  transport 
relatively  warm  moi8tare>ladened  air  to  the  cold  side  where  the 
moisture  will  condense,  drying  the  air.  Further  mixing  of  this  air 
with  air  dose  to  the  body  would  result  in  furtoer  evaporation,  and 
this  cyde  would  be  repeated  with  every  movement  Application  of 
these  new  concepts  to  Arctic  clothing  might  latgely  diminate  the 
overheating  problem  in  the  Arctic. 

Such  an  approach,  if  successful,  would,  indeed,  be  significant  in 
dealing  with  what  is  perhaps  the  most  critical  problem  in  the  use  of 
mass  produced  textiles  for  Arctic  dothing. 

Kdated  to  this  biophysical  approach  is  what  we  refer  to  as  the 
science  of  functional  dothing  design.  Its  concepts  will  largely  stem 
from  biophysical  studies,  but  its  application  w3  require  the  con¬ 
version  of  the  clothing  designer’s  art  into  science.  In  one  sense,  we 
can  think  of  this  transition  as  in  the  same  state  today  that  the  engi¬ 
neering  of  textile  materials  was  twenty  years  ago  or  environmental 
physiology  thirty  years  ago. 

Thu.s,  a  year  ago,  a  kinesiological  analysis  of  clothing  at  Springfield 
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Colbft  mealed  a  aliRpIe  method  for  determfiiiiiir  the  inereaee  In 
five  ^tlcal  dlmenalona  in  elothinsr  aa  a  function  of  poetnral  ehangea 
from  the  poeition  of  "attention.''  Thoa^  the  clothing  dealgner  could 
have  apecihe  Infomation  on  how  much  "extra"  mate^  waa  required 
to  aoeonunodate  the  ahape  and  volume  ehangea  of  aeleeted  body 
veglona  aa  a  function  of  ehangea  In  poaltion.  Furthermore^  It  waa  a 
technique  which  could  be  appli^  for  obtaining  anjr  fbxther  cUmenaiona 
of  thia  tjpe.  It  wlU  be  apparent  that  the  atudy  la  partlcularlf  valuable 
beeauae  It  obvfatea  the  difilcoltlea  which  are  Inherent  In  dynamic 
anthropometry  and  ahowa  how  auch  data  can  be  tranalated  Into  tlie 
apedfic  c*enumta  of  clothing  deaign  by  meaanring  directly  what 
luppena  In  the  clothing  itaelf.  Such  a  atudy  ahowa  bow  the  non-verbal 
art  of  the  dealgner  can  be  converted  Into  a  form  that  can  be  com¬ 
municated  to  the  phyalologiata  and  vice  veraa. 

In  the  matter  of  textile  materiala  research,  it  would  be  difllcult  to  ‘  ' 
overstate  the  challenge  and  the  opportunities  which  lie  ahead.  The 
textile  and  clothing  Industries  are  presently  in  a  period  of  the  most 
profound  change  that  they  have  ever  known.  The  rate  of  development 
of  new  flbera  and  textile  l^hes  is  more  rapid  today  than  ever  tefore. 
The  number  of  poasible  combinations  of  these  fibers  with  each  other, 
with  the  application  of  functional  finishes  on  top  of  that,  is  literally 
staggering.  Determination  of  how  they  may  serve  mtlitaxy  uses  stUl 
lies  before  us,  and  the  capabilities  of  the  i^tbetic  fiber  makers  to 
produce  still  new  fibers  having  quite  different  properties  from  any 
presently  available,  and  for  nato^  fiber  mediations,  which  may 
have  significant  military  application,  represents  a  dramatie  potential 
for  military  clothing. 

We  need  look  oi^  at  the  launching  of  isotactic  polypropylene  just 
four  years  ago  and  realize  that  within  that  <nn«ll  p^cd  five  fiber 
producers  in  this  country  are  now  actually  in  quantity  production  of 
this  new  fiber  to  appreciate  bow  fast  this  kaleidoscopic  picture  of 
textile  fibers  is.  changing.  Since  these  new  fibers  have  significantly 
different  characteristics,  their  utility  for  any  particular  use  cannot 
be  presupposed  based  upon  simple  analogy,  one  to  another.  In  fact, 
even  their  strength  characteristics  differ  M^dely  depending  uix)n  the 
rate  of  loading  or  speed  of  imps  .:! 

How  these  new  fibers  may  assist  in  providing  cold  climate  pro¬ 
tection  may  be  judged  in  part  by  their  moisture  absorption  char¬ 
acteristics.  Among  the  principles  developed  by  Dr.  Siple  in  the  report 
previously  referred  to,  was  the  need  for  dealing  with  the  problem  of 
body  moisture  arising  both  from  insensible  perspiration  and  from 
high  levels  of  activity.  Even  after  providing  for  adjustability  of  the 
clothing  and  effective  venting,  there  is  still  a  volume  of  body  moisture, 
up  to  35  g/sq  m/hr,  which  must  be  dealt  with.  A  recent  finding  of  our 
laboratory  has  shown  that  by  moving  from  the  use  of  fibers  in  a 
woven  fabric  structure  to  fibers  in  a  lightweight  batt,  quilted  between 
two  layers  of  very  thin  cloth,  we  have  been  able  to  achiave  thickness 
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ot  entrapped  afr  at  lower  weight  per  oaft  of  htenlatlon  tiuui  In  any 
pnfiomly  developed  $ygtaiu  Fortansidf,  the  batte  wo  are  working 
with  ahow  good  gUbiUty  to  laonderlng;  fa,  ot  eouno,  a  reqnlsite 

in  our  clothing,  Thle  bait  haa  shown  a  tery  Interesting  property. 
Because  of  Its  low  level  of  molstare  aheorptkmr  body  molstute  create 
hy  high  levels  of  activity  passes  readily  ihto^  It  to  the  outer  air 
Instead  of  being  absorbed  and  thereby  adding  to  the  body  the  heat  of 
moisture  absorption  with  subsequent  rednetim  of  the  insulating  value 
of  the  insulant. 

There  Is  the  need  for  nnilti>functionality  to  the  military  clothing 
aystem  of  the  future  to  deal  both  with  the  natural  environment  and 
the  enemy-imposed  environment;  the  teehnokvieal  developments  and 
new  fibers  afford  possibilities  for  combinafions  of  fibers  having 
diffenmt  properties  to  achieve  such  multifiractional  characteristics. 
By  studies  the  biophysics  of  clothing;  we  expect  to  be  able  to 
interpret  the  impact  ot  combinatibns  of- fibers  and  multi-functional 
finishes  in  the  a^evement  of  the  over-afl  protective  shield  for  the 
soldier  and  of  his  over-all  clothing  aystem. 

Since  our  principal  military  opponent  is  itself  situated  largely  above 
the  Arctic  Circle  with  literally  millioas  of  people  today  living  in 
Arctic  and  sub-Arctic  area^  it  must  be  expected  that  they  will  have 
at  least  an  equal  or  larger  interest  in  enfasneiag  the  capabilities  of 
man  living  in  the  Arctic.  This  interest  applies  to  their  civilian  popu¬ 
lation  as  well  as  for  their  military  forces. 

Furthermore^  in  view  of  their  already  deasmatrated  progress  in 
textile  science  engineering,  there  is  no  doubt  tost  they  have  the 
potential  for  producing  new  materials  axed  matfrials  systems  which 
will  further  enhance  their  capabilities  in  imrriding  efilcien*^  clothing 
for  their  Arctic  population.  That  they  recognize  this  important 
.  .  potential  is  evident  by  their  recent  appointmrot  of  l^fessor  A.  N. 
Nesmeyanov,  the  discoverer  of  their  new  fiber,  o  type  of 

nylon  polymer  more  heat  stable  than  any  presently  available  in  the 
Western  world,  as  the  president  of  the  Russiaa  Academy  of  Sciences. 

If  we  are  to  continue  to  make  progress  in  research  in  this  field  and 
in  enhancing  the  eflidency  of  our  soldiers  through  improved  cold 
climatic  clothing,  we  also  shall  need  to  regard  this  area  of  research 
and  development  as  one  of  major  importance  for  the  future  of  our 
national  defense. 


CRAnMAN  Rbd:  Ladies  and  gentlemen,  the  Utla  of  oar  noxt  paper  b  "Arttie 
Rationa**.  The  a|,«aker  is  aba  inm  tho  Quartermaater  Rcoeareh  and  Engineering 
Command.  Re  b  tho  Reooarch  Director  of  tho  Enebonmental  Protection  Divbion 
of  that  Command.  Dr.  Austin  Henschei. 
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ARCTIC  RATIONS 
Austin  Henschel 

Qaaitemiuter  Research  and  Engineering  Conmiand 
Natiel^  Maasachtuetts 

Exiating  in  a  cold  climate  ia  difflcnit  whether  one  la  there  hy  choice 
aa  a  native  or  by  necessity  as  a  soldier.  A  great  deal  of  effort  has 
gone  into  seeking  ways  and  means  to  make  it  jost  a  bit  easier  to  get 
along  in  the  cold.  Fo^  has  not  berni  overlook^  in  this  search. 

Food  takes  on  a  special  significance  in  cold  climates  because  of 
the  need  for  the  internal  generation  of  body  heat  to  keep  warm. 
Food  is  ultimately  the  only  source  of  this  energy.  When  one  is  in 
Arctic  areas,  food  is  frequently  not  readily  obtained — there  are  no 
sopermariuts  every  few  miles.  It  is  necessary  to  carry  one's  total 
supply  along  or  depend  upon  hunting  and  fishing  skill  and  the 
almdance  of  game  and  fish.  In  the  winter  season  living  off  the  land 
in  the  far  north  can  be  a  prectfious  business. 

Because  food  is  so  vital  to  survival  in  cold  climates,  everyone  soon 
becomes  a  nutrition  expert  The  success  or  failure  of  each  venture 
becomes  associated  with  the  type  and  amount  of  food  that  is  eaten. 
Aa  a  result  food  theories  for  cold  climates  has  become  infiltrated  with 
folklore,  fads,  fancy,  and  a  little  common  sense.  Sifting  out  the 
eommon  sense  has  not  been  easy.  The  Army  and  the  Quartermaster 
Corps  have  been  at  it  since  ea:^  in  World  War  II.  In  general  the  ~ 
sifting  has  been  directed  along  the  following  three  major  lines: 
1)  the  total  amount  of  calories  needed  each  day,  2)  the  nutrient 
composition  of  this  ration,  and  3)  the  value  of  supplementing  the 
ration  with  special  substances. 

I  shall  briefly  review  the  research  (both  in  the  laboratory  and  in 
the  field)  that  has  been  conducted  in  these  three  areas  and,  on  the 
basis  of  this  research,  shall  state  what  I  believe  is  our  position  today. 
These  opinions  are  based  on  my  interpretation  of  the  evidence.  The 
evidence  may  well  lead  many  of  you  to  reach  other  conclusions. 

First  I  should  like  to  dispose  of  pemmican.  A  survey  of  Arctic 
literature  showed  that  men  did  not  thrive  for  long  periods  on  pem- 
aucan  alone.  When  pemmican  was  used,  it  served  as  a  meat  item  and 
was  supplemented  with  such  items  as  biscuits,  parched  com,  oatmeal, 
sugar,  and  tea.  Both  Peary  and  Scott  used  pemmican.  but  not  alone. 
Many  varieties  of  pemmican  were  made  and  field  tested  early  in 
World  War  II.  None  was  found  acceptable.  By  1944  on  the  basis  of 
the  many  trials,  it  was  recommended  that  the  concept  of  using  pem¬ 
mican  as  a  sole  or  chief  constituent  of  an  Army  ration  be  abandon^. 
Even  after  this  recommendation  was  made,  many  test  subjects  went 
through  the  horrors  of  trying  to  live  on  pemmican  for  a  few  days. 

By  the  end  of  World  War  II,  pemmican  had  been,  if  not  abandoned,  at 
least  ignored  as  an  item  in  the  Army  Arctic  ration. 

Early  in  World  War  II  the  planning  of  rations  for  u.<ie  in  the 
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Arctic  bcouM  of  eonctm  bceauM  of  tlw  aUamtef  lack  of  aatlsfactoiy 
adontifle  data  on  nutritional  requlrenianti  In  Hu  cold.  Then  wen  a 
lot  of  Individual  experlencec  and  lore^  but  tteae  hardljr  aufllced  aa  a 
baala  upon  which  to  develop  a  aatIsfRctorjr  Arctic  ntlon.  Tall  talea 
about  the  aatonlahing  food  Intakea  of  7000  cabrlea  or  mon  per  day 
wen  believed  or  half  believed  by  many,  Nevectfaeleaa  theae  tain  wen 
re^ld  aa  facta.  On  'Jm  face  of  it,  It  Memed  to  make  mu9  that  mon 
fuel  would  be  needed  In  cold  weather  to  keep  the  stove  warm.  The 
field  ration  triala  In  New  Brunawlek  in  the  ^  of  1042  showed  that 
^calorie  deficiency  oulckly  produced  deterioration  in  performance 
and  morale  of  trained  soldiers"  and  added  urgency  to  the  development 
of  an  adequate  Arctic  ration. 

Since  1944  seven  major  Arctic  ration  triala  have  been  run.  The 
three  studies  In  1944, 1 and  1947  pohited  out  the  need  for  a  high 
nlorle  Arctic  ration,  about  6000  calories  per  day.  Thia  amount 
represents  rati<ma  per  man  per  day.  The  four  studies  in  1948, 
1960,  1964,  and  1966  Indicated  that  two4hirds  of  that  amount  or 
about  8^  calories  per  day  la  adequate. 

What  Ja.the  explanation  for  this  difference?  For  one  thing,  no  two 
studies  were  exactly  alike— weather  differed,  activities  and  work  level 
differed,  rations  difltered,  methods  for  measuring  food  intake  differed, 
changes  in  body  weight  were  recorded  in  some  studies  and  not  in 
otiiers.  In  all  these  studies  the  men  were  allowed  at  least  one  full 
n^on.  At  the  end  of  all  these  studies  (whetho*  of  10  days  or  3  months 
duration),  the  men  were  in  excellent  physical  condition.  AK  rations 
seemed  to  be  providing  suflicient  calories  and  nutrients. 

Let  me  briefly  describe  the  conditions  of  theae  studies.  In  the  1944 
winter  study  at  Prince  Albert,  Saskatchewan,  each  trial  ran  10  days. 
The  men  li^  in  the  open  and  used  twonnan  tents  and  sleeping  bags 
at  night  In  addition  to  attack,  defense,  and  withdrawal  maneuvers, 
they  carried  and  hauled  all  their  gear  45  to  65  miles  during  the  10 
day&  There  is  no  doubt  that  they  worked  hard.  Some  nights  the 
weather  was  cold  (-38*F). 

The  1945  study  was  a  mechanized  3400  mile  trip  through  the  Arctic 
from  February  to  h^ay.  From  Fort  Churchill  on  HudMn  Bay  the 
group  went  north  to  Donmark  Bay  above  the  Arctic  Circle,  then  west 
to  Norman,  and  then  so^Uh  to  Edmonton.  Forty«eight  men  made  the 
trip  in  snowmobiles,  4  men  to  a  vehicle.  Supplies  were  air-dropped  to 
them.  During  the  first  two-thirds  of  the  journey,  temperatures  in  the 
vehicles  were  about  0*F.  At  night  tents  were  pitched  and  sleeping 
bags  used.  About  5000  calories  per  day  were  furnished  to  each  man : 
4600  calories  were  consumed.  Except  for  carbon  monoxide  poisoning 
during  the  first  part  of  the  trip,  everyone  was  in  good  condition. 
Physical  work  was  not  exceMive,  but  the  vehicles  were  on  the  move 
for  long  periods  each  day. 

The  winter  1947-48  study  at  Fort  Churchill  was  really  only  a  meM 
survey.  Food  intakes  were  recorded  on  about  100  men  for  a  ten-day 
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midwinter,  uid  UU  winter.  AetMtien  of  the 
wer®  without  doubt  not 
2S!m  wried  fwm  about  6300  to  6700 

windchfll  value®, 
requirement®  in  the  fall  at  Port 
Churchill  were  compared 
WwXaSfUSJi?  »ubicct»  and  a  eet  routine  of  actfvit/  under 

wrote  aS  iJSX'SS*  were  similar  in  both  the  tern- 

tSS*  ^l**’*.5?“*  **»  ®e»  were  in  e.-- 

e^^^^dition.  Pood  intake®  (C  rations)  were  about  4000  calorie® 

ww  fiiSd^for  difference®  in  food  intakes 

personnel,  or  native  Eskimoa. 
mian^  men  consumed  about  3200  calories  per  day  Air  Force  nur 
^  MOO  «bri„  py  a.,.  „a  E.k^iriM''ifeS» 

***^“^  eeriea  of  studies  at  Fort  Churchill  during 
M  w?^  conations  were  conducted  in  1966.  The  men  were  exposed 
£  ^  Calorie  nSs  t”rSd 

correction  for  body  weinht  loss 
«ctu^  intakes  were  about  3800  calories  per  dav  Vo  roJaHo»,fw« 
fo^betwe^  jahr  temperature  and  cSori^ 

A  c^on  bel W  ia  the  need  for  high  fat  intakes  in  the  cold  TW 
SSLiJS  »me  ®^denco  from  animal  studies  indicating  thii^S^ 
Howwer,  in  all  the  ration  studies  reviewed,  there  wm  «n 
"f.t  h^^.-  n.  f.t  content  of  Ih,  d™  nS  co^t  of,f 

is  true  for  both  our  civilian  and  military  populations 
countries  the  percentage  is  lower;  in  a  few  pli^  hiiLr 
The  present  Arctic  ration  appears  to  be  ad^iba  ^th  in  ram 
position  and  in  ainount  for  most  situations.  Onemu-;*t  bear  in 
that  the  amount  of  food  needed  is  proportional  to  ph  S 
ture—an  intake-output  relationship.  pn.'sicai  expendi- 

cowSIl^^nl'&tTnn^  ■■"  > 

tate  tk.  altepta,  ba*  %  ten'JS^ 

before  being  awakened  by  the  cold.  Under  contronerf*!r^n^-»'*” 

-30-F  (clin^llc  chambor).  teat  aubjcS  ?.  •  T 

n.or,  ,l«p  when  »l..n  a  SCO  calori.  n  cal  jual  befoTretirin.^WhSh” 
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thto  meal  ww  a  saved  portfon  of  the  day's  ratfon  ^  an  extra  supple- 
m^t  made  little  dliTerenee.  The  beneficial  efTeet  of  this  repast  makes 
scientific  sense  beeanse  heat  output  is  significantly  increased  for  a  few 
hours  after  a  niMl  regardless  of  the  environment  In  the  cold  this 
extra  heat  serves  a  us^ul  purpose. 

The  search  for  special  nutrients  which  would  increase  man's  cold 
tolerance  has  been  rather  disappointing.  In  some  laboratory  animals, 
high  vitamin  C  intakes  would  increase  resistance  to  cold.  Unfortu¬ 
nately,  the  results  did  not  carry  over  to  man.  Supplementing  the 
regular  Army  ration  with  vitamin  C  did  not  prove  beneficial.  No 
other  special  substances  tried  so  far  have  increaMd  man's  resistance 
to  cold. 

I  shall  conclude  with  the  general  statement  that  since  1940  several 
types  ot  field  rations  have  been  developed,  modified,  and  improved. 
It  may  be  possible  to  make  them  more  ta^,  more  acceptable^  and 
more  convenient  to  supply  and  use,  but  nuti^onally  they  appear  to 
adequately  meet  man’s  needs  for  all  environments. 

Chaibkan  Bssd:  The  ftul  sp«Ucer  todar  U  Dr.  W.  RoWaon  alao  of  tlia  EnTiroo- 
maatal  PnbKtiau  Scaeatth  Dtriaion  of  the  Quartennaater  Reaearch  and  Engl- 
neerine  Command.  Hia  aobjeeC  is  “Qtiartennaater  Earironfflental  Reaearch  in  the 
Arctic*.  Dr.  Robiaon. 


QUARTERMASTER  ENVIRONMENTAL  RESEARCH 
IN  THE  ARCTIC 

Wnxuac  C.  .^.obison 

Quartermaster  Research  and  Engineering  Conunand 
Natick,  Massachusetts 


Introduction 

In  additi*':!  to  the  problems  of  human  physiology  and  personal 
protection  that  have  been  discussed  in  the  previous  papers,  the 
Quartermaster  Corps  has  done  a  considerable  amount  of  research 
on  the  Arctic  environment  itself.  This  research  has  been  carried  on 
under  the  Quartermaster  General’s  assigned  cognizance  for  research 
and  development  within  the  Department  of  the  Army  in  the  field  of 
Applied  Environmental  Research.  This  mission  can  best  be  under- 
sto^  in  the  light  of  the  definition  for  Applied  Environmental  Re¬ 
search  as  given  in  the  General  Staff  Memorandum  (dated  10  June 
1949)  in  which  primary  cognizance  for  the  field  was  assigned  to  the 
Quartermaster  (^eral : 

“the  collation  of  statistical,  meteoroloKical,  climatic,  and 
geographical  data  as  accumulated  by  the  responsible 
agencies,  the  interpretation  of  these  data,  and  the  presenta¬ 
tion  of  the  evaluated  information  in  suitable  form  for 
application  by  appropriate  agencies  to  logistics  problems  of 
equipment,  personnel  and  operational  functions." 

71 


The  «Mfgnment  speciiieally’  excludes  the  field  of  snow,  Ice  and 
permafro^  for  which  the  (Met  of  Entrineers  has  primaiy  responst* 
billty.  Nor  are  we  engaged  in  the  collection  of  mkeorologlcal  data 
except  in  the  course  of  specific  environmental  tests  and  studies, 
although  our  mission  frequently  requires  the  interpretation  and 
presentation  of  data  supplied  by  the  Signal  Corps,  Weather  Bureau, 
and  Air  Weather  Service  as  well  as  data  obtained  from  published 
sources.  Other  branches  of  geophysics  such  as  geomagnetism,  teo 
tonics,  auroras,  and  oceanography  are  similarly  outside  the  scope  of 
our  aMvities. 

The  broad  field  that  remains  within  the  Quartermaster  cognizance 
for  Applied  Environmental  Research  includes  the  study  of  various 
aspects  of  climate,  terrain,  and  vegetation  to  the  extent  that  these 
have  a  demonstrable  relation  to  military  problems  of  equipment, 
personnel,  and  operational  functions.  As  most  of  these  studies  are 
essentially  geographical,  tbe  results  are  often  presented  in  the  form 
of  maps  on  which  the  distribuiioQa!  sapeets  of  environmental  phe* 
nomena  are  shown.  It  is  apparent  that  our  activities  are  not  limited 
to  problems  of  interest  only  to  tbe  Quartermaster  Corps  but  rather 
that  we  offer  service  to  all  dements  of  the  Army.  It  often  happens 
that  environmental  data  that  we  have  assembled  and  analyzed  for 
a  specific  purpose  of  the  Quartermaster  Corps  or  some  other  technical 
service  are  found  to  meet  an  unrelated  ne^  of  some  cither  service. 
For  example,  a  compOation  of  the  most  recent  temperabure  data  for 
northern  North  America,  where  most  of  the  stations  have  not  been 
operating  very  long,  was  made  at  the  request  of  Signal  Corps  for  use 
in  determining  areas  where  cold  might  hamper  the  functioning  of 
storage  batteries;  this  information  was  found  to  meet  so  many  other 
needs  that  two  printings  of  the  report  were  exhausted. 

It  might  be  noted  at  this  point  that  the  Quartermaster  program  in 
Applied  Environmental  Research  is  designed  to  meet  two  types  of 
requirement.  First,  studies  are  conducted  in  response  to  requests  for 
specific  types  of  information  needed  for  the  solution  of  particular 
problems  presented  by  various  dements  of  the  Quartermaster  C^rps 
or  other  technical  services.  Sometimes  we  have  the  information 
dready  at  hand  for  a  quick  answer;  at  other  times  research  is  re¬ 
quired  to  obtain  the  answer.  Second,  studie.<i  of  a  more  long-range 
natur?  are  conducted  to  anticipate  future  requirements  and  requests 
for  information. 


History  of  Environmental  Research  in  the  Quartermaster  Corps 

Prior  to  and  during  World  War  II,  the  environmental  research 
conducted  by  the  Quartermaster  Corps  was  almost  entirely  concerned 
with  the  testing  and  issue  of  various  items  of  supply.  The  exigencies 
of  the  war  allowed  little  time  for  the  tyjw  of  research  that  is  con¬ 
ducted  toda>.  In  those  days  the  published  reports  of  the  forerunners 
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of  tho  Environmental  Protection  Research  Division  dealt  entirelf  with 
tests^  in  the  field  or  in  cold  chambers,  of  varioos  items  of  ckHdtigf 
ntUnu,  and  field  equipment.  It  was  not  until  1947  that  the  first 
Quartermaster  report  on  the  environment  as  such  was  published. 
In  that  same  year  a  project  designated  "Study  of  Environmental 
Factors  of  Arctic  Regions"  was  approved  by  the  Quartermaster  Corps 
Technical  Committee  and  the  War  Departm^  CSroeral  Staff,  ofHcially 
recognizing  Quartermaster's  concern  with  the  study  of  Arctic  en^ 
vironments.  However,  mapping  of  climatic  regions  of  the  world — 
including  the  Arctic— as  a  basis  for  issuance  of  Army  uniforms  was 
started  even  before  the  United  States  became  actively  engaged  in 
Worid  War  IL  Dr.  Siple  was  appointed  consultant  to  the  Quarter¬ 
master  Corps  in  the  summer  of  1941.  One  of  the  first  studies  under¬ 
taken  at  his  instigation  was  the  preparation  of  a  series  of  maps 
showing  temperature  variations  in  Arctic  regions.  When  the  Clin^ 
tology  Unit  was  established  in  the  Office  of  the  Quartermaster  General 
it  prepared  a  aeries  of  Climate  Zone  maps  showing  conditions  in  each 
continent  by  months.  These  maps,  which  were  published  in  1943 1^  the 
Army  Map  Service,  have  found  wide  use  not  only  within  the  Quarter¬ 
master  Corps  but  more  recently  as  an  instructional  aid  in  many 
niiivenities. 

Between  the  end  of  World  War  II  and  the  consolidation  of  Quarter¬ 
master  research  activities  here  at  Natick  in  1953,  the  wartime  dis¬ 
persal  of  activities  continued — research  on  man's  responses  to  the 
environment  being  conducted  primarily  at  the  Climatic  Research 
Laboratory  in  Lawrence,  Massachusetts,  and  research  on  the  environ¬ 
ment  itself  carried  on  by  geographers  and  climatologists  in  Washing¬ 
ton  and  nearby  Cameron  Station,  Virgim'a.  Since  1963  these  activities 
have  all  been  included  in  the  program  of  the  Environmental  Protec¬ 
tion  Research  Division  at  Natick.  Both  before  and  since  the  move  to 
Natick  a  substantial  part  of  the  program  was  carried  on  under  con¬ 
tract  by  various  universities  and  other  research  institutions. 

In  the  Quartermaster  program  of  environmental  research  no  sharp 
distinction  is  made  between  regions  such  as  the  Arctic  and  sub-Arctic. 
For  administrative  convenience  our  regional  research  activities  are 
divided  into  a  Polar  and  Mountain  Section  and  a  Tropic  and  Desert 
Section,  but  we  recognize  that  there  are  deserts  in  the  Arctic  and 
there  are  cold  mountains  In  the  Tropics.  Since  our  primary  concern 
is  with  extreme  environments,  the  Arctic  and  sul^Arctic  have  always 
received  a  considerable  amount  of  attention  in  our  program,  but  the 
emphasis  has  been  on  the  distribution  of  cold  environments  wherever 
they  occur.  It  has  often  been  our  policy  to  study  particular  elements 
of  the  environment  (e.g.,  frequency  of  occurrence  of  given  tempera¬ 
tures  or  the  distribution  of  certain  types  of  terrain)  regardless  of 
whether  they  exist  in  a  particuKar  geographical  region.  Thus  our 
"cold  environments"  projects  have  included  studies  of  such  nearby 
places  as  Mt.  Washin^on,  New  Hampshire,  and  Devils  Lake.  North 
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Dakota^  both  of  which  hava  a  acaaonalljr  "Artie"  anvironmafit. 
Furthermore,  mamy  projeeta  aoch  aa  the  Climate  Zone  mapa  have 
been  developed  on  a  continental  or  hemispherfe  baaia. 

The  environmental  atadiea  that  have  been  completed  by  the  Quar> 
termaater  Corpa  fall  Into  aeveral  categories.  Between  1946  and  1951 
a  aeries  of  reports  was  prepared  to  show  areas  and  months  where 
apeciflc  Items  of  clothing  would  be  required.  These  were  known  as 
"clothing  almanacs,"  and  Arctic  regions  were  included  in  those  for 
Alaska,  Greenland,  the  USSR,  Northern  Europe,  and  Canada. 

Studies  of  the  total  natural  environment  have  been  made  for  eer> 
tain  areas  that  are  used  by  the  Department  of  the  Army  for  testing 
of  materiel.  Arctic  and  sub-Arctie  sites  for  which  such  studies  have 
been  conducted  include  Fort  GreeJy,  Fort  Churchill,  and  Thule,  Green¬ 
land.  A  related  research  program  that  has  been  essentiallg  completed 
is  the  delineation  of  areas  that  are  climatically  analogous,  ^th  respect 
to  one  or  more  elements,  with  the  more  intensively  used  test  sites. 
For  cold  regions,  separate  studies  were  made  of  northern  Nortii 
America  and  northern  Eurasia  to  dermine  the  degree  to  which  Fort 
Churchill  and  Fort  Greely  can  be  said  to  respeesent  those  regions. 

The  environment  of  Greenland  has  received  special  attention  in  a 
aeries  of  regional  studies  of  which  the  first— on  Southeast  Green¬ 
land — is  now  being  printed.  Other  aspects  of  our  Arctic  research  pro¬ 
gram  that  are  still  continuing  will  perhaps  be  more  appropriately 
considered  in  connection  with  two  over-all  objectives:  1)  the  delimita¬ 
tion  of  areas  according  to  their  degree  of  cold  stress,  and  2)  the 
delimitation  of  areas  presenting  special  problems  associated  with 
terrain. 


Deteradnaiioa  of  Cold  Stress 

Since  extreme  cold  is  the  cause  of  many  of  the  chief  problems  en¬ 
countered  by  the  Quartermaster  Corps  as  well  as  other  technical 
services  in  the  Arctic — ^whether  they  are  concerned  with  protection 
of  the  soldier  or  the  functioning  of  a  weapon  or  item  of  equipment — a 
large  part  of  our  environmental  research  is  concerned  with  ways  of 
representing  the  distribution,  occurrence,  and  intensity  of  cold  con¬ 
ditions.  The  first  zonation  of  the  world  which  the  Quartermaster 
Corps  used  as  a  basis  for  issue  of  clothing  was  based  largely  on  the 
distribution  of  mean  monthly  temperatures.  Although  such  means 
can  have  considerable  value  when  properly  interpreted,  they  obviously 
do  not  fully  indicate  the  requirements  for  protection  frem  cold  in  a 
given  area.  More  recently,  areas  of  clothing  issue  have  been  based  on 
the  occurrence  of  minimum  rather  than  mean  temperatures,  as  a  more 
realistic  measure  of  cold  stress. 

Other  more  sophisticated  measures  are  also  being  used  by  our 
climatologists  to  show  the  degree  of  cold  stress  in  northern  regions. 
In  some  situations  a  useful  measure  is  the  frequency  of  occurrence  of 
given  temperatures,  expressed  in  per  cent.  Since  the  determination  of 
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firtqufndw  nqntn*  either  Agiwit  deal  of  hand  labor  or  proeeaainf  bjr 
ma^inoHrecorda  eqaipmen^  data  have  heretofbve  not  been  rerr 
plentiful.  However,  the  Qaartermaater  Corpa  now  baa  freqttenejr 
tabolatlona  of  temfwratare  and  windspeed  for  848  statlona  in  the 
Northern  Hemlaphera,  moat  of  which  were  tabulated  for  oa  by  the 
Air  Weather  SerWee  at  the  National  Weather  Beeorda  Center.  During 
the  current  year  theee  tabulaiiona  have  been  puUiahed,  under  con* 
tract;  by  MicGiU  University.  Cllmatologiata  at  1^111  are  now  engaged 
in  r^onalidng  the  frequency  values,  and  their  results  will  soon  be 
published  in  separate  atlases  for  North  America  and  Eurasia.  These 
maps  win  be  ba^  not  only  on  the  data  tabulations  available  from  the 
843  stations  but  also  wUl  use  estimates  obtained  by  a  method  de* 
v^ped  hmr  at  Natick.  This  nwthod  gives  reasonably  accurate  esti¬ 
mate  of  the  frequency  of  low  temperatures  derived  more  readily 

available  dimatie  data.  It  fllustratea  one  of  the  objective  of  our 
research:  to  deelop  and  ue  technique  for  inferring  evironmental 
information  encerning  place  for  which  Held  observationa  are  not 
available. 

Not  only  low  tempenture  in  themselve  are  Important,  but  the 
oceunene  of  such  temperature  in  combination  with  other  elements, 
particularly  wind,  is  epedally  significant  for  military  planning. 
Unndchill  has  received  considerable  attention  in  recent  years  and  its 
signifleane  has  become  widely  recognized.  The  tempentore  frequency 
tabulations  alreacjr  mentioned  include  value  of  windspeed  in  viurious 
degree  of  magnitude,  which  can  be  used  to  approximate  mean 
windchilL  Of  eurse,  for  more  accurate  detenninatioe  simultaneous 
value  of  windspeed  and  temperature  are  needed.  A  metiiod  of  pre¬ 
dicting  the  frequency  distributiosrof  windchill,  using  simultaneus 
value  over  a  relatively  short  period  of  record,  he  recently  been 
developed  here. 

An  of  the  climatic  meuurements  so  far  discussed  can  be  used  for 
emparing  widely  eparated  regions  having  differing  load  conditions 
beeuse  the  obervations  are  made  under  standard  enditions  that 
minimize  the  effects  of  local  terrain,  soil,  vegetation,  and  the  presence 
or  absence  of  snow  cover.  Yet  these  very  factors  constitute  a  large 
part  of  the  environment  in  which  the  soldier  and  his  equipment  must 
function.  Therefore  a  subatantial  part  of  our  program  of  environ¬ 
mental  research  consists  of  study  of  the  microclimate — referred  to 
by  various  authors  by  such  names  as  local  climate,  topoclimate,  and 
climate  near  the  ground.  The  term  is  considered  by  us  to  refer  to  the 
study  of  climatic  (differences  not  shown  by  standard  observations, 
differences  that  m/iy  in  some  situations  be  considerable.  For  example, 
under  a  protective  insulating  cover  of  snow,  ground  temperatures  may 
be  only  riightly  below  freezing  while  the  air  temperature  recorded  at 
standard  height  (man-high)  may  be  as  much  as  80*F  lower.  Even  at 
standard  height,  horizontal  differences  between  the  temperature  of  a 
valiey  station  and  a  nearby  slope  station  may  be  on  the  order  of 
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80*F,  MferoeUnutie  neutmmetttM  hare  bem  mads  bjr  SIsptal  Corpt 
Uanu,  at  tha  laqaeat  of  tba  Quartermaaior  Corpt,  in  varloua  tjr^ 
of  oattwMO  environment*  from  ttopfeal  to  aulvAretle.  A  very  ^ 
tailed  eoflijMirlMO  of  the  mlerocHmafe  of  two  points  near  Fort  Greely, 
Alaslcs>->one  wooded  and  the  other  In  a  dnring— was  made  by  a 
Qnartemuwter  investigator  with  the  cooperation  of  the  Signal  Corps. 
Some  of  the  most  intensive  observations  of  this  type  that  have  been 
tn»Am  in  cold  en  vironments  were  those  taken  by  one  of  oar  staff  mem- 
ben  dtuing  two  yean  in  the  Antarctic.  When  the  analysis  of  these 
data  is  completed  it  is  expected  to  show  niationships  that  will  also 
be  applicable  to  sitnations  in  the  Arctic.  It  is  hoped  that  when  each 
stadies  an  available  for  representative  types  of  cold  environments  it 
win  be  possible  to  predict  the  type  of  climte  that  will  be  found  near 
tlM  ground  in  a  given  locality  when  the  macroclimate  and  conditions 
^  terrain  an  lomwn. 

Tenaia  l^eMans  la  Northern  Regioas 

Surface  conditions  in  the  Arrtiv  and  sul>>Arctie  offer  a  contrast  to 
climate  in  their  relation  to  military  activitfes  in  that  they  become  a 
special  pnblem  chiefs  in  summer  nther  than  in  winter.  Themfon 
the  Quartermaster  has  a  year-round  interest  in  pnblems  of  northern 
environments.  Under  our  cognizance  for  Applied  Environmental  Ke- 
aeareh  we  recently  undertook,  at  the  request  of  tho  Tranaportatica 
Corps,  an  investigation  of  the  problem  of  muskeg  as  an  obstacle  to 
military  movement  in  the  North.  This  is  a  subject  of  great  importance 
to  the  Army,  though  as  yet  it  has  not  been  intensive  studied  in  its 
geographical  aspects.  However,  a  knowledge  of  where  and  when 
difficult  surface  conditioi;s  exist  is  necessary  for  planning  an  ade¬ 
quate  capability  for  year-round  overiand  movement  in  the  North.  In 
recent  years  muskeg  has  been  increasingly  studied  by  engineers  and 
botanists  in  Canada,  but  even  the  Canadian  researches  f}iU  far  short 
of  the  effort  that  is  expended  in  this  field  in  Russia.  To  illustrate,  the 
Peat  Institute  at  Moscow  is  said  to  have  a  full-time  staff  of  400  and 
about  a  thousand  students.  By  comparison  our  efforts  seem  rather 
meager,  but  a  start  has  been  made  by  renewing  the  state  of  knowl¬ 
edge  of  muskeg  and  other  organic  terrains  and  determining  some 
desirable  directions  for  future  research.  The  study  of  military  aspects 
of  muskeg  involves  questions  of  photo-interpretation,  plant  ecology, 
effects  of  human  actirities,  and  relations  of  bogs  to  climate  and 
permafrost,  offering  a  wide  scope  for  interdisciplinary  research. 

Like  vegetation,  the  animal  life  of  a  region  bears  a  close  relation¬ 
ship  to  its  terrain.  And  like  the  problems  of  soft  terrain,  some  types 
of  Arctic  fauna,  especially  insects,  constitute  a  problem  peculiar  to 
the  summertime.  This  summer  situation  is  associated  with  the  poor 
drainage  that  characterizes  much  of  the  Arctic,  which  thus  shares 
certain  problems  usually  regarded  as  characteristically'  tropical. 
Quartermaster  inve.stigations  of  the  problem  of  insects  in  the  Arctic 
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to  bick  to  a  ttaif  that  wao  eondueted  fn  1949  on  ^Vwtbor  and 
AlMkan  fauoetf.'*  Thio  waa  followed  bjr  pnpantlon  of  a  compn^ 
haarifo  bibliognphr  on  tho  relation  of  noeqiaitoee  to  vegetation  on 
the  Enraoian  Aretle  and  eob-Aretle.  Slnee  then  a  lont-rengo  program 
ibr  tho  ettidg  of  tlui  geographical  dletribation  of  iiueeta  and  related 
organiema  haa  been  undertaken  by  CSomeS  Univenit/  nnder  a 
<9aartemiaater  contract  Althoagh  not  primarilr  an  Arctic  atoAff 
portions  covering  Alaska  and  Canada  have  bem  completed  with 
tabulations  of  the  diatribntion,  habitat  cad  period  of  ac^vitjr  of  all 
of  the  species  known  to  affect  man.  A  similar  treatment  for  Green¬ 
land  and  adiacent  islands  Is  planned. 

One  addithmal  aiqpeet  of  Ar^ic  terrain  should  be  mentioned  here. 
The  distinctivs  terrain  type  presented  by  tfiaden,  while  not  limited 
to  the  ArdUe;  is  foond  most  commonlf  in  northom  regions.  Acompre- 
hensive  stodf  of  the  geographical  distribution  of  gladera  in  the 
Northon  Eonisphere  was  sponsored  bjr  flie  QBartermaster  Corps 
and  condacted  by  the  American  Geographical  S^etjr.  The  result  Is 
a  definitive  work,  inclnding  maps  and  biUlographles,  sommarizing 
tiw  known  information  on  this  subject 

Condosion 

In  conclusion  it  should  be  pointed  out  that  I  have  not  attempted  to 
cover  every  phase  of  the  research  that  the  Quartermaster  Corps  has 
conducted  in  Arctic  environments,  but  rather  I  have  outlined  the 
major  programs  or  areas  of  investigation  with  which  we  have  been 
concerned  and  the  nature  of  our  results  so  for.  I  would  like  to  stress 
again  the  hsteraervice  nature  of  mary  of  our  efforts  in  this  field,  in¬ 
volving  dose  cooperation  between  tin.  Quartermaster  Corps  and  the 
Signal  Corps,  Triuasportation  Corps,  Corps  of  Engineers,  Air  Force, 
and  other  agecdes  of  the  Defense  Estid>lishment  Quartermaster 
gaographera  and  climatologists  have  partidpated  in  operations 
sponsored  by  the  Air  Force  and  other  technical  services  of  tte  Army, 
as  well  as  in  projects  that  were  planned  for  the  testing  of  Quarter¬ 
master  items. 

It  is  apparent  from  the  foregoing  remarks  that  the  fidd  of  Applied 
Environmental  Research  in  the  Arctic  offers  a  wide  scope  for  re¬ 
search  activities,  requiring  a  fiexible  approach  to  meet  the  changing 
needs  of  the  Army.  By  continuing  re-examination  of  our  program  in 
the  light  of  these  needs,  we  hope  to  make  a  maximum  contribution  to 
the  e^ency  and  capability  of  military  units  living  and  operating  in 
the  Arctic. 
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HSALTH  MAOnSNlNGB 

CounaLJoarnKBLAm 

Madteal  Cnrpa 

U.  S-  Aimy  Stamdardintfon  Gronp 
Ottawa*  Ontario^  Canada 

Introdueium 

Haalth  mahrtimanca  has  been  and  will  eonttnoe  to  be  one  of  the 
major  problema  of  man  Urinff  in  the  Axctie.  For  people  Uring  In  the 
*Tar  North’*  maintenance  of  health  ean  follow  no  ibad  aet  of  mien 
becanae  of  the  gnat  vartotf  of  oooditiona  to  be  fonnd  them;  and 
raaeuch  ia  jet  to  IfaxI  asswen  to  manj  of  oar  qpeaiioaa. 

If  a  man  ia  living  in  a  modem  eommnnitj  or  militarjr  boae  in  the 
Arrtte,  many  of  hia  health  problems  have  been  solved  bj  the  mov^ 
OMtit  of  dvOiatlon  into  the  Arctic  area.  But  man’s  haalUi  problems 
in  the  Aretie  an  many  if  he  is  a  member  of  a  small  isolated  gnap  or 
Uting  ia  a  aarviv*J  rituatkm  somswhen  ia  the  *Tar  Nortt**.  It  is 
with  these  latter  groups  that  this  presentatioa  will  be  primarily 
coaeened. 

Probably  ia  no  part  of  the  world  do  environmental  conditiona  vary 
ao  greater  as  in  the  Aretie-^from  season  to  season  and  in  dllferent 
geogni^ea]  areas.  The  Aretie  summer  preeects  health  pmblema 
larg<^  non<«xistant  during  the  winter  months;  for  example,  some  of 
these  problems  include  immobility  over  Arctic  muskeg  and  the  prea- 
eaee  of  huge  numben  of  biting  insects— mosquitoes,  deer  flies,  etc. 
Insect  control  la  a  major  summer  pmblem  In  the  Arctic.  A  high 
priority  naeareh  project  of  the  Army  Medical  Service  la  the  develop¬ 
ment  of  a  safe  and  eifective  oral  insect  noellent  It  would  be  a  chenU- 
cal  agent  taken  by  mouth  and  excnted  through  the  sweat  glands  to 
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tqmI  hwnehL  It  woold  ahvaya  ba  preaent  not  waahed  off  the  rain 
or  nibbed  off  on  the  dotUv* 

Winter  in  Aietle  areaa,  thooidi  eWminating  biting  inaeda,  ereataa 
even  more  diflicailt  health  proUaia  larsehr  aeaociated  with  ^  aaow 
and  eatrema  eold.  Baaeareh  programa  directed  toward  maintenanee 
of  health  and  eiBdency  of  pemmnd  iu  the  Aretie  moat  be  plaaiMd 
to  meet  widdjr  TaryixMr  elimatie  eonditiona,  aa  shown  in  Rg;  1: 

L  *Wet-edd'*  of  the  Alentians  (Adsk)  where  the  winter  tem- 
peratorea  are  warmer  than  tfaoae  of  northern  United  States, 
hot  produce  a  severe  cold  streas  on  personnel  because  of  tte 
heavy  precipitation  and  high  winds  present 

2.  Dry  intense  eold  of  Siberia  (Verkhojraiisk)  and  interior  Alaska 
(FAirfaanks). 

S.  Severe  **windehiU'*  (eombinatioa  of  low  temperatures  and  high 
winds)  of  Churchill  and  Barrow. 

Such  temperature  entremea  present  a  formidable  environment  for 
eflBelent  ftti^oning  or  even  survival  of  mankind.  Effectiveneas  of 
man  living  under  such  Aretie  conditions  is  largely  dependmt  upon  a 
combinatlra  of  training,  Arctis  equipment  and  dimatie  a^ptation. 

Fig.  %  showing  performance  of  Signal  Corps  personnel  la  opera- 
tioa  of  radar,  radio,  and  switchboard  equipment  under  Arctio  condt 
tlona,  dwnonatratea  that  efli^lency  la  affecM  both  by  Arctio  mittens 


and  eotd  §xpimr$  (1),  Ftrformaaet  in  Mcb  eiM  eooU  bt  Improved 
bf  tb«  dtvdopnMnt  of  biittr  mftttM  tad  bjr  mom  eomjMp  adi^tottai 
ci  ttum  to  tbt  eoUL 

•Then  an  Hra  tadon  wUeb  daUndaa  tbo  atata  ci  boobh  and 
•ffleitnor  of  maa  livfng  ia  tba  Axttle*  Umaarth  datfgaad  to  faapwy 
aajr  of  tbeM  will  laaolt  in  aa  ovorwdl  Maber  lavdof  baaltb  aad  por> 
iomanea.  Tbaaa  lin  tadm  in  jnaintaaaaea  oi  haaUh  in  tba  Aidsk 
an:  1)  Meetion  aad  training  of  panonad;  2)  Bnfironmental  pro* 
taetkm  of  penonnd;  S)  Adaqpata  aapply  of  food  and  watar;  4) 
Frppar  waata  diapoaal;  S)  Managamimt  od  medical  amaigaadea. 

Salaetlaa  aad  TrabdMg  of  Pataaaaal  for  Aretie  Ostf 

a 

Mon  bnowladga  ia  iMidljr  aaadad  OB  tha  bart  matboda  of  adeetloa  of 
panoaad  for  Axetk  doty,  for  wa  baow  tiiat  tta  dindnattoa  of  naflt 
panoand  will  pniant  maaj  probieuia  ftma  anr  oeenrring: 

Pltaaantloioidadgaindfcataa  that  tba  fallowing  groopa  an  pnbabbr 
oafit  for  dtt^  in  tba  Antie: 

1.  bidividiiala  anifering  from  dxcnlatoxj  diaorden  of  tba  aa> 
trwnftlco  (Bnager'a  diaaaaa,  Baym^  qm&om^  aitario* 
aeleroaia). 

2.  Fanona  wibi  Uatoij  of  previoaa  aaren  eM  injorj;  lhay  an 
twiea  aa  anaeeptiUa  to  eotd  injury  aa  otber  individiiiiii. 

AVERAGE  EFFIClEri^^y 

(Pareant  of  Norniol) 


Controls'-  in  fotiguas  ot  23*  C 
Mittans  -  In  fotiguas  b  mittana  ot  :(!3*C 

Arctic  o  in  orctie  clothing  first  hour  Of -13*  C 

Itausa  t.  Kffact  ot  AxoUo  coodttiou  apoa  opanttiwut:  sfiekaer  of  Siasal  C>«pa 
psnauoL  Pvpoi  BUlr  s»4  Gottaehr!k  (1), 
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ir  Ftnm  dwwiflf  onrtal  iiMtabfllty--#  eoBfitioB  whkb  win 
hirrMUtd  Iqr  tte  Ueiation  tad  ttmt  ttnmm  of  Axeiie  datf* 
4,  Ftnmbdonffaftoeortalnfadatgmvfiidiiehflioiraaai- 
flfuQr  Ufli  fOie^ptfUfitr  to  eold  teioxf.  CSidd  foioir 
to  Knm  xovMlod  tost  NxgRMo  am  Poatfo  BIcim  wort  ato 
ttmmntanVUIjiotaSaeeMiniivdm, 

Coubat  tMptrUoet  to  World  War  II  and  tiw  Konta  conMet  htt 
taa^  oa  tlwf  tba  Iwftf*  for  Arcik  doW  to  a  toaltor  ftaida  yoimf 

maa  ii4io  fioir  tip  to  tiw  raral  an*  of  ona  of  oar  ttortbani  ataiaa. 

4Iao  ibara  moat  ba  danioped  tba  boat  poaaiMa  tratotog  proffram 
fior  paopla  oa  tarigmnmt  to  tba  Axctfe,  TUm  trafafay  aniat  tododa 
jdtfitodeoiidittoiitoiraadaorlfiBsttorthm  toaeoldctfinaia,I>r.  Daria 
(2)  and  hfaaaaicfataa  at  ttaU.g..AnnylladfcalKaaaaitli  laboratory 
bora  abowa  tbat  aadi  a  ptatraai  of  agftfmaiiartioB  to  add  will  ii^ 
cawMO  a  aouifa  dBdanafV  aadomea^  iwi  pfpbfbjf  fata  raaiataaoa  to 
tba baraiftil  tUtdaoiecU.  Tig,  S  (ftom  Daria)  todieatoa  that  tfaera 


Fnom  X  aUvtriav.  lM*t  pmhMtioa,  ud  mplnlory  haal  Iom  ia  uadotlMa  maa 
«ipoM4  to  a  coU  MvinaaMal  (ia*C)  ««*r  a  S04ar  partod.  Proai  Davit  (t). 
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FMm  4  Shlmlag  dviac  •  S^MSlh  fmkti  of  am  aoritaiaBiod  ta  U*C  ovor 
•  t4day  potM.  Fkaai  Oafis  (S). 


Im  a  daflaite  decrwuwi  ia  lUwrhiff  and  ia  luat  pradactSoa  m  «  aum  b 
aedfaaatbed  to  aa  environment  of  12*C  over  a  SOnlaj  nbiod.  Flf.  4 
daamiatrateB  that  aneh  aedimatfaatioa  naj  pendat  ^r  at  tout 
6  moatha.  Theae  atadlaa  aapport  the  theaia  that  anaa  ^  be  coadi- 
tkmed  for  more  effective  perfonaaaee  ia  a  cold  envmauaaat. 

Similar  chaagea  have  beea  obeerved  hi  anftnala  {rati  aad  rabbita) 
aad  are  aaeodated  with  a  deflaite  lacTeaae  ia  raeiataam  to  the  barm» 
All  effeeta  of  oold  ezpooore  (8).  Fig.  6  eomparea  eold  iuoriaa  aoffered 
bgr  Bwi-aeclimatfaed  rata  and  previoaaljr  “coM-acdimi  Umd*  rata  (to 
28*F  for  fifty  daja)  after  S  hoora  expoeare  at  l  >*F.  The 
aedimatiaad  rata  tolmted  thia  period  of  expoeare  vfithoot  harmfol 
effeeta,  aamdy,  hypothermia  and  oold  iaiary  (froatbii#).  Oa  the  other 
band,  all  Boa<aeelfanatiaed  aahaala  aaftared  progreaaive  hypothermia 
aad  Anor^hite.  Fig.  6  ahowa  the  typo  and  desree  of  eold  iajariea 
incarred  by  the  nonocelbnatixed  rata. 


Fig.  7  eomparea  the  aurvival  timea  of  noa^Mclimatiaod  and  eold- 
aceHmatiaed  rata  when  expoaed  to  (5*F)  uatU  death  occura. 

Mean  aarvival  tinm  for  the  aon-aecHmatiaed  rat  waa  10.1  hoara  com¬ 
pared  to  S5.8  houra  for  the  coM-aeclimatiaed  rat,  repreeenting  aa 
iaeraaae  of  884^.  Theae  olr^rvatioaa  ehow  that  animala,  under 
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fmnm  C.  netofn^kn  •«  teilt  of  awnMl  aM  coM  awHaaMml  (to  STT  tor 
fO  toqr*)  nto  tokM  tw«  wwIm  afttr  (hr*  koon  Mpa*«t*  at  t*F.  Fro«  Blair  (S). 
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noon  7.  Sonrhnd  Hmm  oS  aotsMl  tai  wiit  ■rrltrwrtwJ  (to  tt*!*  te  W  dqm) 
2ata  iriMB  expand  to  f*r '•«  dMth  occjia.  Fim  Bbrir  (S). 


appropfl^  eonditionliur  to  mrxWmto  cold,  acqniio  MuminaiJ  radft* 
anoe  to  tha  patholosieid  effects  Oijpothenoia,  frostbite^  death)  of 
aefere  cold  exposure.  Of  coone^  tlw  important  tpieition  to:  Bow  far 
do  these  animal  studies  to  man  in  incteai^  his  icstotance  to 
COM? 

BnrirsaaMntal  Prolscfton  sf  Pmsonsl 

Dr  Kennedy*  in  his  presentathm*  has  absady  diacnased  many 
aspects  of  this  inject;  therefore  I  ah^  take  timo  to  state  only  a  few 
pantinent  facte.  It  to  certainiy  of  great  importance  to  a  manto  health 
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FMoaa  I.  Ttoipmtarw  of  aaoccapkd  tare  iMtor  sad  taviraat  (*P).  freat 

aad  Pieitt  (4), 
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*  1lmth$lMgfmi$d§qiuUpnttethn»gaiBttib§dbaMtUttimm0£fSa§ 
Axetkt  tqwdAUf  dnriiif  tlM  vriaUr  matOuh  This  pnttetfcn  apgHm 
fo  iMter  and  dotting:.  In  an  Aretie  aarvirat  attaatUm  pntae^ 
'  UoninmwfBdandtteaeigTomidwantttbataprimarjreoBaIdKntUma 
ioranjr  abaliar^ng.i,  takanimn  a  paparbrElaaar  and  Pruitt  (4), 
Aowa  that  n  now  fhdtnv  axearatad  doim  to  groaad  lavalt  wfU 
•Mmot  ttonnd  cqailibritim  wftt  tto  groond.  ^joeh  •  fhdiMV  iogottor 
with  itf  pntaetion  from  tto  windr  will  giro  ito  oecupnnt  •  vorjr  great 
ttennal  adnntaga  over  the  external  environment— in  tUa  eaae,  op 
to  dO*F.  Gxoond  warmth  ahoold  aho^  be  otOized  to  maximixni 
advantage  aa  a  aooree  of  heat  in  the  Arctic. 


Adaqnato  flaffly  ef  Feed  and  Water 

An  adagoato  aoppijr  of  pore  flood  and  initer  ia  eaienWal  to  mainto» 
nanoeof  health  in  tte  Arc^  Peoide  aaaigned  to  duty  to  the  Far  North 
who  aleep  to  wdUieated  barraeka  and  carry  on  aedentazj’ aetivitiea  to 
warm  bnildtoga  often  mwive  but  certainly  do  not  reqirfre  any  addi¬ 
tional  calorie  int^  over  that  of  aimilariy  euokyed  peraonnel  to 
temperate  smee.  Bat  each  ia  not  troe  of  uen  e^s^<ged  to  atrennoua 
outdoor  phyddd  activity  to  the  Aretie.  'Ihey  reiLOin  additional  calo- 
riea  beeanae  of  increased  metabolfsm  toom  cold  expooure  a.rtd  heavy 


•ECBBAPHICAL 

LOCATION 

MEAN 

TEMP. 

TOTAL 

CALORCS 

CAUORlfS  1 

SUPPUEO  SV  1 

moiiiMi 
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48% 
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48% 

rCMBCRATE: 
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es 
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48%^ 
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0.$.  Taaeane  esnae 

— 
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44% 
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99% 
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99 
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19% 

94% 

99% 

FMOia  a.  Savlroamet  sad  food  iatsim  ia  awa.  Ftom  JohaMO  aad  Karit  <B). 
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9fl|«<eal  woalc  in  AntU  clotUsv.  Th*  ptpm  of  Johafos  and  Kark 
(6),  LaBIaae  (d),  Wafeb,  Bualdri^  and  laapMio  (7)  havo  firm  aa 
imeb  bdbnnaiioa  on  tbo  offaet  of  elbnato  and  tomparatufo  on  tbo 
food  and  wator  nqolrenMnt  in  inan.  Bat  fortbor  information  on  work 
load  and  tnorgjr  mqwnditnraa  for  rarioiia  Areiie  taaka  nmaf  bo  ob' 
tabod  bofora  tbo  optimtia  nsizitioaaJ  roqoixonitnta  for  rarioiu  ^FJMO 
of  Arctic  dntjr  can  bo  cotaUiriied. 

Fif.  9f  compiled  from  world-wido  nntrition  atmrojrs  br  Kark  and 
JchauOf  fireo  aooie  idea  of  nntritional  reqoiiiokienta  in  tbo  Arctic  aa 
compared  to  tempento  and  tropical  areae,  Tbo  validly  of  tide  data 
aa  apidiinff  to  aU  Arctic  areaa  and  conditiona  ia  open  to  qncation  and 
noada  farther  eralnotion. 

During  the  1957  winter  ecardaeo  bald  in  Alaaka,  one  of  tiw  nioet 
important  obeenrationa  waa  tiio  apparent  dehydration  of  many 
aoUiera,  leeulting  in  deereaaed  effectiveneea,  fatigability,  and  conati- 
pation.  Thia  ddiydratiott  waa  probably  dno  to  water  loea  throtuA 
aweaticg*  cold  dinreeii^  and  In  tiw  expired  air— without  adequate 
replacement  beeauae  of  lack  of  eaxily  availaUe  water  and  the  aboenco 
of  a  atiocg  tidmt  drivo  In  extieuw  cold. 

That  tbm  ia  a  mfaimal  water  requirement  for  nwfntimanco  of 
health  In  tiw  Arctic  can  be  seen  from  Fig.  10.  Theaa  data,  eonq>iIed 
from  many  reeearch  reports,  show  water  exchange  in  etddiera  under  i 

arctic^  temperate^  tropical,  and  desert  conditiona.  Arctic  stndieo  at 
Adak;  Fairbanks,  and  Charehill  indicate  that  soldiers  need  two  liters 
of  water  daily  in  food  and  drink  to  maintain  a  healthy  state.  Efforts 
should  be  made  to  devise  bett;^  methods  of  supplying  and  distribating 
drinking  water  to  field  troops  in  tiw  Arctic. 
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Fioinni  10.  EaTiroamot  aad  awaa  dally  water  uchaafM  ia  aua. 
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In  Aidie  mflltttqr  pocte  wacto  dlqwMl  l»  not  B  ptoUim  ta  (te 
boUfUtui  mMAu,  but  om  for  tha  Foai  EngfoMrr  Bawvfwv  is  tte 
Md  gnat  can  most  bt  tafcan  to  diipoM  of  waato  piuparfr  «o  that  ft 
iHlI  not  baeooa  «  baaanl  ia  tba  hatiWi  of  all  aoaeaniaiL  Kairar  aad 
battar  matboda  of ‘waafa  diapoaal  aboold  ba  ooiiatantlf  aovght  IXf- 
poaal  of  human  aaewta  fa  ahwqra  aa  Aaette  proMam,  K  baa  baeo  ibr 
jaaia  Md  will  probabbr  ninabi  ao  iinr  aona  tbiia.  At  pnaant  Iban  fa 
no  battar  mtiiod  far  tba  indMchial  aoldiar  ttiaa  that  anplojrad  far 
aamr  yaara-adlaetfaig  In  oantalnara  and  than  cbamfeally  traattng  or 
bartfbif  bafava  dapoaftfaif  on  tba  tarrabi. 


IfanapaBant  of  Madical  Ks0|anaiaa  ^  ^  , 

■AHdiat  aid  and  baalfli  praeadmaa nonaalbr  amplojad  in  tanyaanta 
aad  trapieal  anaa  apidr  aqualbr  wdl  in  tba  Axcile  bat  magr  ba  mora 
dWIeolt  of  ividkatkm  bacmao  of  tba  astmaa  eold  aad  ttia  haary 
dotbing:  However,  tbm  are  certain  medical  eondittoaa  that  an  more 
common  or  caore  fflcdy  to  oeenr  in  Areiie  and  Antavetie  anaa  than 
in  ottier  parta  of  the  world.  Among  theae  an  cold  inbiriao^  anew 
hBndneaa,  aad  carbon  monoxide  polaoning. 

l^lon^  ezpcsiue  to  cold  without  proper  protection  aad  can  of 
file  aztrefnitlca  may  reanltbiaeven  add  biiuri^  aoeh  aa  the  approod" 
matdy  100.000  eaaea  of  traeh  foot  aulfei^  by  our  troopa  in  World 
War  n  aad  the  aeven  froatblte  experience  in  Korea.  Either  owld 
have  been  prevented  to  a  large  degree  had  adequate  preventive 
meaauna  be»  carried  out  by  the  individual  aad  the  eomnumd. 

Fig;  11  ahows  a  cold  expoann  gnq)h,  a  modification  of  the  original 
windehill  chart  of  Siple  (8).  Ihia  graph  eaggeeta  under  what 
weather  oonditloaa  stringent  faostbiti  or  trench  foot  preventive 
meerani  ahoold  be  carri^  out.  A  marh  mon  aecarate  chart  can  ba 
devdoped  rriier.  morn  knoadedge  of  the  epidemiology  of  cold  injury 
becomes  availaide.  Among  the  preventive  measuree  that  may  be  ear> 
riad  out  an:  1)  Proper  use  of  ooM  TTeatber  equips:^;  8)  Drying 
of  clothing  aad  replacing  wet  socks;  S)  Exercise  oi  the  CEitremittoa; 
4)  Bast  and  rewarming;  5)  Examining  the  face,  hands,  aad  feet  for 
the  first  signs  of  cold  injury.  That  a  cold  injury  pnveatkm  program 
can  be  very  effective  is  shown  by  the  ahn^  total  abeence  of  eold 
injury  in  Antarctie  opentiona  effected  by  the  preventive  mediehM 
program  of  the  Deepfreeu  Tuk  Fbtce  Surgeon  and  hia  staff. 

When  cold  injury  does  occur,  it  la  mandatory  that  pnper  first  aid 
and  eariy  treatment  be  given.  CUnleal  experience  wl^  cold  Injuriee 
in  Korea  during  the  winter  of  1960-81  (9)  haa  given  ua  certain  basie 
principlee  of  cold  injury  theranr*  aa  foUowa: 

1.  Immediately  remove  or  loosen  any  constricting  clothing,  such 
aa  boots,  gloveo,  or  socks. 
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WINOlMlLCt  nn  NOUN} 


2>  Ain]rfd  tniim  to  Iniarid  cMtialtiM  wfth  fim 

of  tfao  lowor  extnmltiof  nm«t  bo  trottod  M  littMT  CUM , 
f.  BapUljr  fowann  froaon  put  in  warm  waiar  (46*C  or  112*F), 
or  if  tmaraflatl^  oao  boi^  but  to  thaw  pari 
4  WUkinAinaaMfa^tspoaaratoopenilnrOrrabbinff  witbanow 
ana  , 

5»  Giro  booatar  doaa  <rf  tetanoa  toxoid. 

4  Adadniattr  ponjefllfn  or  broad  apoctnim  mtibiotica  aa  pro- 
pbjrlaada  againtt  infection. 

7.  Loava  all  taaielaa  or  bollaa  intact— onbr  cover  with  drj  gaoza 
for  protaction. 

t.  Api^  no  preaeura  or  petrolatom-impregnatad  dreaeinga. 

9.  Maintain  gaoral  bodjr  warmth  and  anconraga  alaap  and  raai 

10.  Snwidag  proUbitad. 

11.  Aetivn  phjaiothanqnr  (vriiirlpod  batha.  Boargar'a  asareiaaa) 
ahoold  be  inatttntad  aa  early  aa  poaaibla. 

12.  No  augeqr  ahoold  bo  performed  until  dsfiniidy  indicated,  aoch 
aa  in  the  foOoWbig  caaee: 

a.  Soperddal  ddnridement  of  necrotie  tiaaoe  in  preaenee  of 
frank  or  threatened  aopporation. 

b.  Anqmtation  in  caaea  of  extenaiva  **wet  gangrene”  with 
Ijrmphadenopathy  and  general  infection. 


TCMPRRATURC  (rAMecNNCir) 

Piaou  11.  Cola  ttpoowe  fivpk  for  pmtatloa  of  eolg  Jijartoe, 
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W§  fboald  mttbttuXiy  txfion  fprnf  poMiUU^  fai  tto  UrnkumA  <d 
cold  infarr  to  humn  ibat  tba  tmt  knowMft  of  modfeal  ieioneo  i§ 
amplofad  ia  iha  nunugmMit  of  tUi  baportaat  nOftorf  nodkal 
pn)pjiin< 

Chw  of  tlM  moot  diaabUag  eonditfono  thof  may  bo  oueoontotod  b|r 
OMii  Itfioff  ia  thi  Azttie  lo  «iiovr4)llJidiMM,  TUf  condition  lo  ft  poiaM 
fTtfbmnnotton  of  tho  ofo  cftUftcd  I17  ranbara  from  ottrofiolet  f»> 
iloetod  op  from  tbo  onoir,  Tbo  pooitfam  of  tho  eya,  togatbar  wt&  tbo 
oyrfttowft  ftad  «|«lftabea,  protaet  the  ojro  fimn  tho  dinet  raya  of  tbo 
raa  but  aot  fom  onow-niledod  imyn.  Such  protection  caa  be  aeeom- 
plifthod  only  by  weftrinp  daric  gfoMoo  whoa  ontride  ia  Arctic  dftjHght. 
If  onoTs  soaglaiaca  are  loot  or  lm>ken»  now  ones  aiap  bo  faaprovbwd  bgr 
cattfaif  a  narrow  horiroatal  dit  ia  pieeoo  of  laaAar,  dat^  or  mod, 
aBdflMntFiBsaaaMinfroBtoftboojoa.Tbio?JwboiadoBobgrEdd- 
mea  for  many  joata  and  win  gifo  cdoqpate  protection  againat  oaew» 
blindnaaa.  Tbo  U.  S.  Nary  baa  dordoped  ia  tiw  Aateictie  a  aondaaa 
which  aot  only  proronte  anow-bifaidnoea  bat  increaaoa  contnat  and 
depth  perception  under  '*wiifteK)at”  conditiona. 

Cariioa  monoodde  la  a  deadly  perfl  to  maa  livina  ia  the  Aretie.  la 
email,  tiafatahdteia,  heated  by  pooriyreAtflatedstovee,  it  camei  more 
aoddentel  deatha  la  the  Axetie  thaa  any  other  haxacd.  Hy.  12  afaowa 
the  danger  levda  of  carbon  momndde  actiny  over  eertafa  perioda  of 
time.  But  aince  carbon  monoxide  ia  an  odorieae^  eobrleas,  tasteleaa, 
non-irritatiay  yaa,  one  iaaeldom  aware  of  theae  danger  lev^  nntil  he 
ia  in  aerioaa  physical  difficnKy.  A  simide  alarm  syafam  £§  nee^  to 
give  adequate  warniny  to  unsaspeetiny  victims  before  it  ia  too  late. 

Bi  eonelnaion.  It  most  be  pointed  out  that  the  secret  of  good  health 
in  the  Aretie  liea  In  prevention,  not  cure.  It  is  ia  this  dbeetion  that 
our  research  should  be  oriented  Simple  protective  measurea,  which 
anyone  caa  apply,  will  keep  a  person  In  good  health  and  phydodiy 
effective.  Only  the  untraiz^  and  ondiadplined  indhridual  beeomea 
unlit  as  the  result  of  liviny  in  the  Arctic. 
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aft  toa  National  laatitata  of  Medical  Bcaearch  ia  iMidon.  It  ia  njr  prirfleca  aad 
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PHYSIOLOGICAL  PROBLEMS  IN  POLAR  REGIONS 
O.  G.  Edholm 

National  Inatitate  for  Medical  Reeearch 
London,  England 

TUa  paper -win  deal  briefly  with  some  aspects  of  Polar  physiology  as 
they  hare  been  stndied  in  recent  years  by  members  or  associates  of 
the  Difision  of  Human  Physiology  of  the  British  Medical  Research 
Council.  Mention  will  also  be  made  of  plans  for  future  work.  There  has 
been  developed  a  close  connection  between  the  Medical  Research 
Council  and  the  Falkland  Islands  Dependencies  Survey  (FJJ).S.). 
The  survey,  which  is  under  the  direction  of  Sir  Vivian  l^chs,  has 
maintained  for  many  years  a  number  of  bases  on  the  Antarctic 
Continent,  in  Graham  Land.  Recently  F.IJ).S.  has  also  taken  over 
the  base  at  Halley  Bay  orginally  established  by  the  Royal  Society  for 
the  International  Geophysical  Year  (see  map.  Fig.  1). 

A  number  of  the  t^ical  oflicers  recruit^  for  F.IJ),S.  have  been 
trained  at  the  Division  of  Human  Physiology,  several  members  of 
which  have  polar  experience.  Dr.  H.  E.  Lewis  apr;^t  a  year  with  the 
British  North  Greenland  Expedition.  Dr.  R.  Golds  nith  wa>i  medical 
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oflSc«r  for  the  flrst>year  jMurijr  of  tho  nans^Antarctie  Expedition. 
Dr.  H.  Wyatt  spent  two  yean  in  Gnbam  Land. 

The  medical  oflken  spend  one  to  two  yean  in  the  Antarctic  making 
observationa  on  memben  of  their  base.  Adequate  radio  contact  is 
maintained,  and  probleraa  arising  in  the  course  of  the  investigation 
can  be  discussed.  On  return  fn>m  the  Soeth,  the  results  are  worked  up 
in  the  Division  of  Human  Physiology.  In  this  way  a  considerable 
volume  of  data  has  been  acquired,  although  most  of  these  data  deal 
necessarily  with  very  simple  measoremrata. 

Experience  in  the  problems  of  Polar  physiology  was  gained  by 
Lewis  and  Masterton,  who  formed  a  Joint  Ph^ological  Medical  Team 
with  the  British  North  Greenland  Expedition  of  1962-04.  A  number 
of  different  factors  were  studied  and  included  Basal  Metabolic  ^te; 
haemoglobin,  cell  counts,  cell  fragility;  physical  fitness  assessment, 
energy  expenditure  and  food  intake,  bo^  weight  and  skinfold  thick¬ 
ness,  and  sleep  rhythms.  The  expedition  was  completely  Isolated  for 
the  greater  part  of  the  year,  but  in  the  summer  a  relief  party  was 
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flown  In  to  nploeoforoo  7  monof  thoorfflnal  29  who  wort  ntnnifnf 
to  gngliiA  lUc  mad#  pcNitiblo  ioino  tuofiil  eontpaffoono  batwem  flnt 
aod  aaeoad  jrear  men.  In  tha  Antaretie  baaea  the  men  are  iaolated  for 
ptrfodo  of  aino  to  elleren  montha.  In  certain  eaaea  rrilef  baa  been 
d^nlt  owing  to  lea  eondlHona.  Genaralljr  there  are  a  nnmber  of  men 
otoj  ofor  for  two  jeon,  thns  tfaera  la  oaaalfy  a  mixtora  of  lint 
and  aao^  year  men. 

Thera  art  eonaiderabla  advantagaa  for  phjalologlata  In  Folar 
la^ione.  Thera  la  a  email  community  phyaleally  Iaolated  except  for 
la^  for  tha  greater  part  of  the  year.  Sobjeeta  are  avallaMa  for 
maaaorement  daring  all  of  thla  time^  except  when  on  abdglng  partiea. 
Fhrthermon^  tha  phyalologlet  can  be  on  tha  job  the  edwla  time,  TUo 
hot  made  It  poealbla  to  get  extended  aeriea  of  obaenratlona  which  ax* 
rfrtaally  onlqaa.  For  example^  tha  meaaarementa  made  In  Granlaad 
on  wei|^  changee  and  aUnfoU  thfehneae  can  ba  qaotad  (1).  Begalar 
neoida  were  of  2$  men  for  two  yean.  There  waa  evidence  of  a 
email  aeaaonal  change  In  body  weight  and  anbentaneooa  fat  thlckneaa. 
Eowever,  no  eomporaUa  data  covering  each  a  range  of  obaervationa 
In  temperate  coontrles  have  been  found,  and  It  waa  dlflScnlt  to  know 
wbe^er  a  aeaaonal  change  In  body  weli^  might  be  a  oaoal  obaerva> 
tlon.  A  cheek  was  obtained  by  exOTlnlng  the  average  body  tTeigfat  of 
reemtts  on  entry  to  tha  Brltiah  Army.  Intakes  of  reernlts  were  ro* 
eehed  every  two  weeks  thronghoot  tlw  year.  Average  body  weight 
was  ■iwfl***  in  all  intakes  and  there  was  no  evidence  of  a  aeaaonal 
trend.  Thla  example  la  Intended  to  lllastrata  the  fact  that  extended 
aeries  of  simple  observations  on  normal  human  aubjects  are  diflkult 
to  obtain  and  that  there  la  a  valuable  opportunity  offered  tr>  make 
swh  studies  under  Polar  conditions. 

The  work  which  has  been  done  so  far  has  been  mainly  concerned 
with  attempts  to  obtain  evidence  of  acclimatization  to  cold  In  man. 
Apart  from  local  response  of  the  hands  and  feet  to  cold,  where  adap* 
tlvs  changes  do  appear,  the  resulta  as  far  as  acclimatization  is  con¬ 
cerned  are  negative.  Some  of  these  results  are  briefly  discussed  in  a 
recent  report  (2). 

It  gradually  became  evident  that  much  more  detailed  knowledge  waa 
required  of  tte  life  and  activities  of  men  in  these  Polar  bases.  In  par¬ 
ticular,  answers  were  needed  to  such  questions:  **How  cold  do  men 
become  in  the  Antarctic?**  "What  is  the  degree  and  duration  of  cold 
exposure?**  ‘*How  does  the  environment  affect  the  performance  of 
ph^ical  work?"  '*How  hard  do  men  have  to  work?" 

Dr.  Norman  has  completed  a  year  of  such  studies  at  Halley  Bay, 
and  a  similar  investigation  was  carried  out  by  Dr.  Gumming  at  t^ 
Argentine  Islands  off  Graham  Land.  Both  of  these  bases  are  essen¬ 
tially  static,  being  concerned  with  meteorology,  high  altitude  physics, 
some  geology,  and  surveying.  No  long  sledging  Journeys  were  mad^— 
at  Halley  Bay  a  few  tripe  were  made  with  manhaullng  sledges  aa  there 
were  no  dogs;  in  the  Arger..in*  Islands  outdoor  activities  were  largely 
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mratioful  Mod  indnded  tiding;  A  fidl  neeoont  of  tho  woiir  will  be 
poUithed  Inter,  bat  tome  of  tbe  nudailndfaigs  which  nre  of  importance 
ia  the  ttodf  of  hnmna  plqniologjr  enn  be  Meibr  deeeribeiL  Foar  fob' 
/•ete  were  cto^Ued  thxoai^oot  the  year  fiir  a  dnr  each  month.  A  coni' 
idrte  tfme  and  motion  record  waa  kept  of  acthritice  and  of  thne  apent 
indoora  and  oatdoon.  In  addition,  the  cufiienmental  conditiona  inaide 
and  oataide  were  meaanxed,  inelndiaf  tanperatnre  and  windapeed. 
Each  anbiect  wore  a  reat  eonaiatiaf  of  a  rcaiataiice  thermometer 
wofea  inuo  a  garment  ao  the  aobdotthig’  temperature  oonld  be 
maaaaxed  at  fce^ient  intenrala  (8).  Shnilar  atodiM  were  alao  made 
daring  aledging  jonmeya. 

The  year  waa  divided  into  "darif  and  montha^  La.  Uagr  to 
October  aa  the  dark  or  winter  montha  and  Norcmber  to  April  the  Ugiit 
or  ■iiiiiHiag  montha.  The  average  time  apot  ontoide  waa  18^  la 
tim  anmniar  and  5%  hi  the  winter  at  Biaflhsr  Boy;  hi  the  Argeotine 
oataide  time  waa  8^  in  wfadaraad  1558  fa  enmmer.  Thooidi 
the  time  oat  of  doom  wae  related  to  oataide  taaqperatara^  it  waa  more 
cloe^  rria^  to  windchfll.  Exeqpt  toraacn^rgeney;  oataide  sciivitgr 
eeaaed  aa  aooo  aa  the  wind  apeed  reached  15  fcaota.  The  average  tem¬ 
perature  inaide  the  beae  hut  waa  2C*G;  and  the  mean  ezpooore  tem¬ 
perature  for  tlM  whole  year  waa  18*C  at  BaDey  Bay.  In  the  Argentine 
Tmtmwutm  tho  lattcT  temperature  waa  lower  (11A*C),  and  the  bank 
room  temperature  waa  much  lower  than  2S*CL  The  aab-rlctiiing  tem¬ 
perature^  which  ia  afanoet  identical  with  akfa  temperature  (4),  aver¬ 
aged  82A*C  at  Halley  Bay  and  82L5*C  hi  the  Argentine  Telande 

The  flgurea  obtained  at  HaSey  Bay  and  in  the  Argentine  lalanda 
are  very  afanilar  although  then  ia  a  ^ercnea  cf  10*  to  latitude.  The 
oompuM  energy  expenditure  ia  hitter  for  tha  Argentine  lalanda 
than  for  HaOey  Bay,  the  annual  avenge  bring  a;500  keal  and  8,800 
keaL  rcapectiv^.  It  waa  poaaible  to  ha  oat  of  doom  akiing  and  dhnh- 
ii^  for  rather  longer  perioda  in  the  Argentina  lalanda  than  ia  Halley 
Bay,  and  this  accoonti  for  the  hi^iar  energy  expenditure. 

Tha  energy  expenditure  during  eledfing  waa  estimated  to  be 
appimdinatriy  6,000  kcal  which  ia  neariy  identical  with  the  eatimata 
ande  by  Maaterton,  Lewis,  and  Widdowson  (6)  for  sledging  in  North 
Greuiland.  The  8ub«]othing  temperature  dnri^  riedging  was  irregu¬ 
lar  and  tended  to  fall  when  activity  diminiehed.  Shivering  out  of  doors 
waa  not  obeerved. 

Some  tentative  conclusions  can  be  drawn  from  these  obaervationa 
of  Norman  and  Gumming  and  from  other  data  obtained  at  other 
Antarctic  bases.  At  static  bases,  the  time  spent  out  of  doors  Is  short 
and  la  related  to  windchUL  Men  are  adequate  dressed  for  the  climate 
and  do  not  experience  body  cooling  except  for  brief  periods.  Under 
the  conditiona  studied,  the  degree  of  cold  c::poaare  is  unlikely  to  be 
adequate  to  stimulate  any  physiological  adaptation  to  cold. 

E^matea  of  energy  expenditure  give  flguraa  which  are  compfirable 
with  those  of  military  personnel  both  in  the  United  Kingdom  and  the 
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83*dgbig  {§  an  aetirHy  with  •  high  anergr  txptnditan.  How- 
afar,  it  can  ha  gnviaionany  eoneladed  tlut  th*  nlathaly  high  anargy 
axpanditttra,  and  henea  his^  food  intako,  la  dua  to  tha  damanda  mada 
by  tha  anrlrmtoant  and  tha  work  nqaired  to  moot  tbaaa  damanda, 
ratbar  than  a  direct  aBaet  of  cold  otimuhitiiig  motidwUnii. 

Tha  grchkaa  of  phTsical  work  in  Folsr  region*  luivo  only  been 
atadied  Indlieetijr,  Tba  opinion  of  thooo  who  h*r«  mada  thaa  and 
notion  atadlea  la  that  bnrx  woA,  each  m  load  carrying  and  dig- 
ffaift  la  carried  oat  aa  effictontly  in  Polar  a*  in  temperate  climates. 
With  high  wind  and  drifting  mow,  work  can  be  slowed  because  snow 
can  accttmalate  in  apertures  of  t^  clothing.  Hanipalathre  worig  in 
which  delicate  woric  with  the  hands  most  be  done^  la  frequently  much 
slower  in  the  cold.  The  sbili^  to  worit  in  the  cold  with  bare  hands  or 
wearing  thin  gloves  varies  greatly  among  individnals.  As  an  example 
of  the  stowing  of  thm  woi^  Norman  describes  the  taking  of  mag< 
netie  observations  by  two  men  asing  an  instrument  which  required 
delicate  manipulation.  The  particalar  operation  was  usually  eom- 
ptotad  within  16  minutes  at  temperatum  shoot  — 20*C.  On  one 
occasion  when  the  temperature  dropped  to  ~88*C,  the  same  opera* 
tion  required  60  minutes.  It  has  bm  suggested  t^t  even  with  fine 
manipulative  woric  it  is  not  the  time  spent  on  the  ^ob-  itself  which 
becomes  longer,  but  that,  aa  temperatures  fall,  aa  increasing  length 
of  time  is  spent  in  rewarming  the  hands. 

Maekworth  (6)  has  shown  that  local  adaptation  to  cold  can  develop 
in  the  hands,  and  this  finding  has  been  confirmed  by  Massey  (7)  in 
the  Antarctic.  Farther  woik  is  needed,  however,  to  eatabUsh  how 
such  toeal  adaptation  improves  the  ability  to  work  in  the  cold.  A 
moderate  number  of  subjects  will  be  requir^  for  such  a  study  because 
of  the  wide  variation  among  individuals. 

This  brief  account  of  some  of  the  work  currently  being  undertaken 
by  the  Division  of  Homan  Physiology  in  the  Antarctie  has  been  given 
as  aa  introductioa  to  the  widw  problem  of  the  range  of  physiol^cal 
ittvestigationa  which  could  fruitfully  be  carried  out  in  FbUr  regions. 
Some  suggestions  concerning  ftarthw  work  are  therefore  given. 

1.  RepcHHon  of  activity  ond  exposure  study.  The  woric  of  Norman 
and  Camming  indicates  very  convincinriy  that  effectively  shields 
himself  from  a  cold  environment  by  use  of  clothing  and  shelter.  In 
particular,  the  time  spent  out  of  doors  is  short  These  findings  need 
to  be  checked  by  studies  at  bases  where  more  trave.Mng  is  done  and 
where  outside  activity  is  likely  to  be  much  longer  in  time.  It  would 
cleaidy  be  important  for  such  studies  to  be  made  at  U.S.A.  bases  as 
weU  as  Briti^  ones.  Such  studies  would  smin  in  value  if  agreement 
could  be  reached  on  the  methods  to  be  employed. 

8.  ProbUma  of  outdoor  work  in  the  cold.  A- comprehensive  review 
of  the  problem  of  hand  protection  and  hand  function  in  the  cold  was 
published  In  1967  by  the  Advisory  Board  on  Quartermaster  Research 
and  Devetopment  (8).  This  report  wt.'a  based  largely  on  laboratory 
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iroric  «Jid  Utid  trlalM  oi  luuidg««r.  It  biffll  to  tr»^  toM 

in  th*  fltid  to  d&ttmim  Acitul  concUtibm  undnr 
which  irork  to  don*  and  tha  Umitatfiai  tspcrtencad 

>.  fftoddk^SLThacvalaatioDofiiwtMfidoglealdAtointennaof  tte 
cooUof  cffedto  on  man  to  ctUl  far  from  adequate.  Slple'a  windchiO 
aeale  hiu  proved  to  be  of  coaaiderable  mIm^  brt  a  tevtoioii  to  overdue 
aiaee  it  to  dear  that  the  effect  of  winddiffl  to  exaggerated  at  leaat  is 
the  larger  figures  for  windchilL 

4.  Enern  expenditure  and  food  Mdke,  Dr.  Aoatin  Henachel  has 
aireadjr  dtomsed  the  food  intake  of  moi  in  the  cold  (see  p.  68).  Hto 
condnsion,  vhichtosharedhjr  nuuqr,  was  ffiat  there  to  no  demonstraUe 
effect  of  cold  dimatee  on  fo^  intake.  Ibwever,  these  does  appear  to 
a  need  tor  tortber  investigatton.  He  rarreja  described  Dr. 
Hsnschd  were  made  on  men  nnder  cantolljr  controlled  eonditiona. 
Tha  activlij  pettem  was  hi  most  lespeetodidbried.  In  additioii,  intor- 
motion  to  ne^ed  on  what  men  actnafff  do  in  the  Acetie  or  Antarctic 
and  on  what  the]r  eat  nnder  each  eondUona,  particalariS/  over  long 
periods.  Sneh  a  stndr  would  be  difllcnltaiid  laboriooa  siiiee  ft  would 
require  a  stoable  team  to  spend  a  gxest  deal  of  time  in  the.  Add.  It  to 
nntonbtedlg  important  to  get  such  intonaation  if  onlj  to  resdvs  the 
present  controversy  on  the  importance  af  cold  on  food  intake.  The 
figures  available  from  studies  at  Pdsr  bases  indicate  that  energy 
expenditure  and  food  intake  are  modscridy  hi|^  If  Norman  and 
Cmnming*s  resnha  are  confirmed  at  etiier  Polar  bases,  then  the 
question  of  tiie  effect  of  cold  on  food  ccasnmption  becomes  academic, 
if  cold  exposure  and  body  cooling  ate  as  limited  as  Norman  and 
Cnmming*a  firtdingii  indicate^  then  fnrtlMr  studies  may  be  needed  in 
which  the  degree  of  cold  exposure  is  d^isrately  increased.  There  are 
clea^  two  problems:  a)  What  happess  under  existing  conditions  at 
Fdar  bases  T  b)  What  s^ht  happen  mdar  conditions  of  emergency, 
including  milicary.  when  the  dwree  sad  duration  of  cold  exposure 
may  be  severe? 

6,  Weight  ehange  and  ekinfotd  fktc&asse.  A  number  of  studies  at 
diffvwent  Polar  basM  have  shown  that  tfaam  is  a  small  seasonal  floctua* 
tion  in  body  weight  and  sUnfold  thirkwes,  rising  in  the  winter  and 
falling  in  the  summer  (I).  It  would  be  iiitensting  to  know  if  similar 
chan^  are  found  in  bases  mannuk  hj  personnel  from  the  U.SrA. 

6.  Water  batanee.  The  asMcsment  of  eslorie  balance  should  include 
measurement  of  water  balance  and  sodtou  chloride  balance.  Prelimi* 
nary  observations  indicaU*  that  there  an  considerable  falls  in  body 
weight  during  sledging  journeys.  There  Is  some  evidence  that  the  fall 
to  due  to  water  imbalance.  This  preliminary  finding  requires  con* 
firmation  and  further  investigation. 

7.  The  following  problems  have  been  studied  only  briefly  or  in 
particular  circumstances  and  warrant  more  detailed  work. 

a,  Streee  of  Polar  environment,  Hihu  are  many  references  on 
the  effects  of  Polar  life;  a  large  number  consists  of>  assessment  of 
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Mketkn  teehnfqoM.  AettuOy,  nUAively  f«w  ftedf«  lure  been  mMd§ 
in  Polar  b«M*  by  phjrtloloidatr  on  non.  Tbit  genorsl  HM  of  work 
ortriapo  with  payeholoffleai  reaoarelL  Thart  art  a  nomfMr  of  wiqw  fa 
which  tha  iUld  can  he  dMded* 

b.  XffeeUofpotarpaiUrnofdaifandnight.LtwiBMdJiaidtxtou 
(9)  ncordtd  tUiep  in  North  Graanland  and  ahowad  that  thara  waa  a 
diamption  of  tha  normal  pattern  both  in  perioda  of  24  botnr  dajHght 
and  24  hoar  darhnaaa.  lha  avarago  nombar  of  boon  of  alaep  did  not 
i9Prar  to  alter  with  tha  aeaaona.  Daring  eonthraooa  dayU^  or  nfj^ 
ak^  waa  not  taken  in  one  period  bnt  waa  broken  into  two  or  more 
perioda  aeparated  by  aaveral  houra.  Similar  findinga  hare  been  ro. 
ported  from  other  Polar  baaee,  bawerer,  tha  degree  of  diamption  haa 
oaaaily  been  leaa  mariced.  All  tha  reaolta  agree  that  there  ia  Uttle^  if 
angf  aaaaonal  change  in  aleep  dnration.  On  tha  other  hand,  thara  are 
fraqaant  haarsaj  aceoanta  of  tha  dUOaMy  eaperiencad  by  men  in 
alaaping  daring  tha  eontinaoaa  dajilidit  ot  the  aommer.  Tha  ph^ 
nomenon  of  *ilg  whan  tha  da/  length  ma/  be  unwittingiy 
extended  to  more  than  24  fcoara,  hca  bem  deacribad.  A  repetition  of 
tim  type  ot  stodlea  made  by  Lewia  and  Sfasterton,  at  U baaee, 
woald  be  of  great  intexeat  ainca  there  nuy  be  ao^logdcal  and  sot 
phjilological  differences.  Tha  phenomenon  of  **big  tyeT  does  not 
iqipear  to  hare  been  obeerred  at  Britiah  bases  in  Antarctica. 

e.  Diiturhaneo  or  ehangeo  m  other  dtumai  rhythme.  Tha  effect 
of  the  pattern  of  light  and  darkness  on  body  temperainre  and  rraal 
riqrthms  aboald  be  inrestigated.  Lobban  (10),  who  haa  stodled  renal 
riiythms  at  a  high  latitadto  (79*N)  in  S^tzbergen,  oboenred  a  tea* 
poraiy  distorbanca  in  rhythm  during  tha  Joomey  to  Spitsbergen  when 
the  sabiects  jost  entered  tfao  aona  of  continnona  daylUdit.  The  die* 
ropted  sleep  rhythm  and  hence  the  irregular  pattm  of  rest  and 
activity  la  likdy  to  affect  tha  diumal  rhythm  of  body  temperatnre. 
Other  body  rhythms,  such  as  adrenocortical  activity,  may  also  be 
altered. 

d.  Other  evidence  of  atreae.  Eosinophil  levels  have  been  itodied 
in  the  Antarctic  by  Simpson  (11).  Considerabla  changes  were 
served  daring  aledgingjoameys  and  also  on  occasions  at  base.  Simpson 
eondodad,  however,  ^t  these  changes  repres^ted  emotional  re¬ 
sponses  rather  than  a  direct  environmental  ^ect  of  cold.  Tte  leader 
of  the  aledglng  party,  who  had  a  didlcult  and  responsible  task,  had 
the  largest  change  during  the  sledging  Journey.  Pace  and  his  colleagaea 
(12)  carried  out  a  detailed  investigation  of  men  prior  to  departure 
for  the  Antarctic  and  during  a  part  of  their  time  ia  the  Antar^e. 
Detailed  urinary  anr.  yses  were  made.  Relatively  small  but  nonethe¬ 
less  suggestive  changes  were  found,  indicating  an  Increased  ad¬ 
renocortical  activity. 

There  haa  been  mention  of  hypertension  in  members  of  Polar 
axpaditiona  although  no  precise  evidence  appears  to  be  available. 
Some  accounts  have  baen  published  of  hypertension  in  Iabor<ampa 
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fh  SOmU,  iatHuiing  dttsilf  of  •  muktd  r.m  to  blood  pnmin  on 
dftj«  of  uijr  fevMv  ifranthor  (IS,  14). 

A  jnwlfmfiuux  fttidjr  of  blood  ll^df  of  on  Astaretfe  bsM  if  eamntlf 
bffng  ondfitflMn.  Tbo  roiio  of  in^n,  fst,  and  aabohjdnU  in  polar 
dl^  (at  Brltlfh  baaaa)  la  fimJlar  to  tboaa  iSf^  In  the  Unltad 
Klngdt^  bnt  the  total  Intake  of  fat  la  relatirdf  alnee  food  Intake 

la  on  the  average  greater.  Farther  woric  in  tiiia  held  could  well  be 
correlated  with  atadiea  of  dietaijr  intake  and  with  inveatigationa  of 
atreof. 

a.  Fie  sffeeta  of  isolation,  Paxchoiogical  atodice  in  the  Antaretle 
have  alreadr  atarted  in  American  baaea.  Saeh  atodiee  could  be  of  great 
bitareat  if  tber  were  linked  with  phyaiologieal  dwervationa,  including 
aleep  and  diurnal  AjUmm. 

8.  There  are  a  number  of  practical  probleaa  related  to  phjraiology 
whoee  aointion  require  w^  in  aeveral  diadplinea^  including 
PbyaWofjr, 

a.  TkodssirabU  OHvironmetU  in  Polar  rsgions.  What  ia  the  moat 
aatiafactwy  design  of  ahelter.  and  what  thenud  conditiona  are  re¬ 
quired  ia  Pblor  boHdinga?  In  the  paat  and  probabljr  in  many  cases 
today,  carbon  monoxide  haa  provided  a  aeriooa  haaard,  owing  to  the 
problema  of  heating  with  inadequate  ventilation.  TIm  conditiona  ob- 
aerved  indoors  in  temperate  bouaes  may  wefl  be  the  most  suitable  for 
Polar  shdteri,  but  these  conditions  are  frequently  diflicult  to  achieve. 
SuitaUe  compromises  are  required.  There  are  data  on  conditions 
actually  experienced  in  Polar  bases,  but  it  seems  uncertain  how  far 
these  data  have  been  interpreted  and  can  be  used  by  designers. 

h.  CSnieo^hifsiotogieal  problems.  The  incidence  of  illness  and 
trauma  experience  in  Polar  regions  needa  to  be  evaluated.  Thia 
evaluation  would  have  been  an  academic  task  twenty  years  ago  aa  the 
number  who  had  been  at  risk  was  so  very  small.  The  total  number  of 
men  who  have  spent  three  months  or  more  in  the  Arctic  or  Antarctic 
is  now  sufficient  to  make  such  a  survey  worthwhile.  The  inddence  of 
cold  injury  ia  of  particular  interest  to  the  physioJogists,  especially  in 
view  of  the  frequent  reports  that  frostbite  is  less  frequent  amongnt 
those  who  have  experience  in  the  cold. 

c.  Baeteriologp  and  virology.  The  story  of  Polar  explorers  being 
completely  tn%  Aram  upper  respiratory  tract  infection  until  they  come 
into  contact  with  the  outside  world  again,  and  then  all  get  severe  colds 
immediately,  has  suffldent  basis  to  warrant  Investigation.  It  is  dear, 
however,  that  there  ate  many  departures  from  the  conventional  ac¬ 
count,  such  as  the  failure  to  develop  a  cold  at  the  end  of  the  period  of 
isolation  and  the  development  of  various  Infections  during  the  perii^ 
of  isolation.  Although  primarily  a  problem  for  the  microbiologist  and 
the  allergist,  the  physiological  aspects  should  not  be  overiooked.  The 
mucosa  of  the  upper  respiratory  tract  overlies  a  well  develop^ 
vascular  network  which  plays  an  important  part  In  temperature 
regulation.  If  adaptation  to  cold  does  take  place,  it  seems  probable 
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that  iht  yaiealar  nMetiona  In  thn  nand  nracMMi  mar  bt  eeiuldarablx 
modiiM,  If  ioeh  modiifeation  doea  occar,  then  the  condltl&na  fof 
the  prollfentldn  of  baeteria  or  Wnuee  majr  be  profoiffliuy  changed, 
d,  Phytkci  fitru$§.  Thie  snbieet  fe  Intr^oced  with  eome  trepida* 
tionefneedeflnltlraaof  phTsical  fitneae  are  ao  inadequate.  The  queatlon 
la:  ^Hbw  much  phjraieal  activitf  la  required  of  men  atationed  at  high 
latltudea  to  nuintaln  the  optimum  atate  of  effidencjr?^  Perhapa  to  a 
greater  extoit  than  hitherto  auapeeted,  the  polar  life  la  an  Indoor, 
aedentarr  one.  Thla  altaation  la  alao  true  of  the  great  majority  of 
people  living  In  more  temperate  cHmatea ;  but  the  difference  la  that 
emmgendea  are  not  unuaual  In  the  Aretie,  and  the  man  in  the  hot  haa 
to  get  out  and  be  active.  How  efficient  la  he  IScely  to  be?  Another  way 
to  aak  a  almllar  queatlon  la:  ''What  effect  doea  physical  fitneaa  have 
on  the  ability  to  adapt  to  low  temperaturea?''  In  Add  experiments  on 
cold  adaptafihm,  Cariaon  (15)  haa  shown  that  changes  In  phyrieal 
fitneaa  can  mask  the  effects  of  cold.  Further  Investigation  of  this 
difflcnlt  problem  would  seem  to  be  of  considerable  Interest  to  the 
physlolo^st  and  of  practical  importance  to  those  interested  in  Aretie 
life. 

t 

Summary 

The  foregoing  suggestiona  concerning  future  research  are  not  put 
forward  as  a  complete  program.  The  ideas  are  based  on  discussions 
with  many  colleagaes  who  have  worked  in  Polar  regions.  Admittedly, 
the  sugg^ona  not  have  much  originality.  Ifany  of  the  problesu 
have  been  tested  in  the  field.  A  number  of  proposals  have  been 
rejected  because  of  the  difficulties  of  Add  woric.  The  quality  of 
slmpUcity  should  be  considered  of  paramount  importance  in  connec¬ 
tion  with  future  studies.  Unless  it  is  essential  to  attempt  some  very 
complex  research,  field  work  most  be  technically  easy  and  carefully 
designed.  The  main  point,  which  haa  been  Implied  throughout  this 
paper,  is:  Polar  physiolosy  must  be  studied  in  the  field.  Laboratory 
woi^  cannot  sub^tute  for  field  work.  In  the  field,  observations  must 
precode  any  experimental  work.  We  need  to  know,  and  at  present  we 
do  not  know,  the  details  of  actlvitiea,  food  consumption,  and  all  the 
other  aspects  of  life  in  Polar  regions.  Until  we  have  these  facts, 
laboratory  work  can  be  unrealistie  and  field  experiments  unrewarding. 
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AUXILIART  HEATING 

JOHN  P.  Meehan 
Unharaity  of  Soatheni  (Talifornia 
Lo9  Aagdes,  Califcmia 

Tbo  ■oldler’s  ahilitx  to  operata  effectively  in  very  cold  environ¬ 
ments  is  largely  determined  by  the  performance  of  the  clothinjr  he  ia 
vreariny.  This  clothiny  must  not  only  provide  the  physiologically 
acceptable  personal  environment  for  tte  man,  but  must  also  permit 
him  to  perform  efBciently  all  of  the  many  tasks  required  of  him. 
ProvidinB  adequate  cold  weather  protection  for  the  hand  and  at  the 
same  time  mUntaininB  useful  and  desiraUe  dexterity  presents  a 
piurticulaiiy  diffleult  problem.  The  subject  of  this  paper  is  the  special 
problems  associated  with  hand  protection  in  cold  en^ronment. 

The  blood  circulating  through  the  tissues  of  the  hands  and  fingers 
is  tha  primary  source  of  heat  for  these  tissues.  When  one  Is  exposed 
to  a  cool  **per8onal’*  environment,  the  blood  flow  to  the  hands  and  feet 
la  reduced.  The  consequence  Is  that  the  bands  and  feet,  particulariy 
the  fingers  and  toes,  will  cool  more  than  any  other  part  of  the  body 
(1).  It  has  been  obMrved  that  when  finger  temperaturee  drop  below 
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60*F  th$  loM  fn  aunnaS  ;»rf0nntne«  it  rery  Itrgt  and  palnfol  Hagnt 
beeomt  a  prfnuuy  eomplafni  (2).  Farthar,  ta^e  Mwrftiyfty  it  lm> 
paired  tfnii  maldof  tilt  problem  even  gnaHtr  ($). 

In  addition  to  redoetfam  in  tbe  beat  ettppix  to  tb#  handa  and  iinffere 
reanliinf  from  general  bodrcooUng;  aignilSaat  tad  crMcal  ztdnetiona 
in  hand  tomperatorea  will  oeetur  alien  tbe  adeqoatelr  piroteeted  man 
removea  part  or  tU  of  hit  hand  jroitttkm  in  order  to  perform  tomo 
mairaal  taaL  The  pidblem  here  ia  particalarif  acute  if  materiale  of 
Ugfa  beaieondaetiyito>  aoch  rt  meti^  are  bandied. 

The  problem  of  band  protection  ia  two-fold.  If  anfldent  bimilation 
if  provided  to  give  adequate  proteetibn,  mannal  deacteritp  ia  impaired 
if  not  eompletelj  inhibited.  On  tbe  other  band,  to  retain  tbe  hi^iljr 
deaired  mannal  dexterlfjr  necearitatea  a  compromise  in  inaofation 
reaolting  in  good  perfonatBee  wUJe  tbe  hand  la  warm  but  toiling 
performance  aa  the  band  cools.  The  mang  pbjaiologiea!  and  paTcbo- 
logical  probleme  associated  with  hand  fimdion  and  protection  were 
an  tboroa^dp  dlscossed  at  a  conference  on  toe  Trotection  and 
~  PanetioBing  ^  the  Hands  in  Cold  Climates^  sponsored  by  the  Ad« 
visory  Board  on  Qnartermaster  Besearch  and  Devdopment,  Committee 
on  Environmental  Protection,  held  in  Natick;  Massachnsetta,  in  April 
of  1958.  Since  the  meeting,  the  Committee  on  Hand  Fnnctiocing  and 
Bandwear  has  been  aetorehr  intereated  in  seeking  workable  aolationa 
to  the  problem  of  hand  protection. 

After  consideration  of  ad  possible  appioaebea,  the  Committee  con^ 
claded  that  very  aeriooa  consideration  shr.old  be  given  to  some  type 
of  heated  bandwear.  The  first  set  of  reqairements  to  be  met  by  such 
an  approach  most  satiafy  the  pertinent  physiology  of  the  hand.  We 
have  already  discossed  toe  redaction  in  blood  fiow  to  toe  hand  that 
ocenra  in  whole  body  cooling.  Tbe  blood  dow  may  be  reduced  to  less 
than  a  teaspoonfol  per  minute  in  the  hand  of  tlto  cooled  individuaL 
In  terms  of  temperature,  toe  seme  phenomenon  may  he  expressed 
another  way.  Suppoee  a  comfortably  warm  individual  has  his  hand 
placed  in  a  wstv  bath  maintained  at  a  constant  comfortable  tein> 
perature,  the  finger  temperatures  will  remain  several  degrees  higher 
than  toe  temperature  of  toe  water  bath.  If  tbe  person  is  cooled,  how¬ 
ever,  a  redaction  in  blood  fiow  to  both  handa  will  occur  and  the  hand 
In  toe  water  bath  will  soon  have  the  same  temperature  aa  t^  water 
bath  (1).  This  principle  is  important  in  the  matter  of  applying  heat 
to  toe  buid  since  the  blood  flow  to  the  hand  will  not  only  supply  heat, 
it  also  will  dissipats  excessive  heat,  within  limJta,  of  course.  If  heat 
ia  to  be  applied  to  the  hand,  it  must  be  controlled  thermostatically  at 
toe  hand  in  order  to  avoid  overheating  of  the  tissues.  Further,  suitable 
attention  must  be  given  to  proper  distribution  of  the  heat  over  the 
hand  in  order  to  avoid  hot  spots  that  may  bum  the  adjacent  tissue.  If 
these  criteria  can  be  met.  the  physiological  requirements  of  the  method 
would  be  satisfied. 

The  technical  feasibility  of  providing  heatsd  gloves  depends  on  the 
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BMterltto  »v«ll«bl«  for  tho  oetual  eomtneUon  of  tho  gJorw  and  itlao 
OB  tho  amotuit  of  power  required,  A  lieated  t^oro  ahoold  enppletMni^ 
not  leijlaeotlM  lURiiil  InoaUted  haodwear.  Tlie  heating  featore  of  eoeb 
a  gldre  aasembljr  ahonld  be  Incorporated  In  the  Innermoet  component 
of  a  glove  aaaembljr  in  order  to  make  the  moot  efllclent  oae  of  the 
iVpliiAheat 

Hie  amoont  of  energy  reqnfred  tHII  depend  on  the  actual  tempera* 
tore  that  la  to  be  maintained  for  the  hand  aa  wed  aa  the  amount  of 
cqnoeore  of  the  inner  glove  aaaembly  component  to  the  environment. 
Fhxtfcer,  the  length  of  time  the  device  ia  to  be  operative  mnat  be  eoe* 
aideied.  A  rechargeable  b8tter7>^rpe  supply  may  be  desirable  for 
indhrldnal  oae.  The  individual  may  be  able  to  oae  such  as  aasembiy 
for  24  hours  and  then  recharge  the  batteries  at  some  suitable  point— 
periuqiM  a  charger  attached  to  a  conveaient  vritiele.  In  amne  useav  the 
treaier  may  be  aUe  to  receive  the  necessary  power  directly  from  the 
vehicla  or  equipment  ha  is  operating. 

Juatidcation  for  this  ^fpe  of  approach  to  the  handwear  proUem 
moat  rest  in  better  p  rformance  on  the  part  of  the  soldier  in  carrying 
out  his  primary  mission.  Consideration  must  be  given  to  the  partiCTlar 
tasks  required  of  the  soldier  in  connection  witii  the  use  of  new  types 
of  armamenla  and  equipment.  The  problem  of  nuiintaining  nattful 
fonetional  hands  may  be  a  very  important  factor  in  determining  the 
ultimate  effectiveness  of  any  such  new  pieces  of  equipment. 

¥nth  the  improvement  in  the  technology  of  pro^d5*?  small  power 
sources,  it  is  entirely  feasible  to  think  in  terms  of  providing  heated 
handww  to  at  least  a  limited  number  of  field  personnel.  Premtly, 
there  are  available  small  rechargeable  batteries  with  good  perform¬ 
ance  characteristics.  In  the  future  we  may  look  toward  the  devdop- 
ment  of  energy  cdl  and  other  similar  devices  that  should  provide  very 
small  lightweight  sources  of  electrical  energy.  In  view  of  the  techniciJ 
devdopments  that  we  can  foresee  at  the  preeent  time,  it  is  indeed  a 
worth-while  venture  to  look  ahead  towa^  the  practical  design  of 
heating  garments  for  use  In  very  cold  weather. 
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FSTCHUTRIC  FROBLEHS  OF  KAN  IN  THE  ABCnC _ 

David  KCK.  BiocH 

Walter  Bead  Anxqrlostitata  of  Refearch 
WaaUnfton*  D.  C. 

The  prceegt  period  of  extension  of  human  activities  in  the  Arctic  is 
one  of  rapid  transition.  It  Inclndea  further  need  for  stndy  of  the 
pwblenta  of  personal  sorvival  and  of  trainin#  men  to  live  in  the  cold, 
addle  at  the  same  time  Introdnc^  near  pnbk^  aodi  aa  those  of 
aaoderatdy  larva  mdta  manenvering  indepeadesUf  on  the  ice  and  of 
amaO  snaps  Hving  for  months  in  isolation  in  permanent,  circmn- 
acribed  shdtera.  Sarvaving  reports  from  men  who  have  experienced 
these  different  sitnations,  one  nuqr  sommarize  the  major  stresses  on 
man  in  the  Aretkas:  the  cold;  the  narrow  margin  between  lelativelj 
comfortable  effectiveness  and  disaster;  isolation;  and  the  resolting 
neeessitjr  for  changing  to  a  new  set  of  personal  valnes  and  of  patterns 
of  interpersonal  rdations.  Tie  more  iMlated  the  group  with  modem 
equipment  the  more  imporbmt  is  the  problem  of  the  changed  social 
conventkma. 

Two  rather  dramatic  psychiatric  problems  are  frequently  referred 
to  as  possible  major  eoncems.  One  is  the  poesibOity  of  a  member  of 
a  small,  isolated  group  becoming  psychotic;  the  other  is  the  report 
that  in  isolation  "nortoal"  people  develop  halloeinationa  and  delusions. 
With  regard  to  the  probability  of  the  devdopment  of  psychosis,  it 
spears  that  the  threat  of  physical  danger  is  not  a  precipitating  factor. 
Colond  Albert  J.dasa^U.  S.  Karine  Corps,  and  his  ascites  pointed 
oat  that  the  rato  of  psydwsis  in  the  An^  varied  negligibly  between 
two  and  three  per  1,000  men  per  year,  over  a  long  peri^  regardlesa 
of  war  or  peace  (1).  The  success  of  the  Navy  pqrchlatrie  screening 
program  for  Antar^ca  and  other  evidence  (2)  indicate  that  incipient 
pay^tie  symptoms  can  be  recognized  reasonably  accurately.  Finally, 
the  avallabUlty  now  of  tranquilizing  drugs  greatly  reduces  tto 
problems  of  managing  over^tive;  disturbed  b^vlor  if  by  chance 
it  should  occur.  One  may  condude  ^t  with  reasonable  care  psychosis 
does  not  represent  a  probable  hazard  for  man  in  the  Arctic. 

It  is  dear  that  un^  certain  experimental  conditions  of  Isolation, 
sensory  deprivation,  and  sleep  loss  normal  people  may  develop  hallu« 
einations  quite  rapidly.  Similar  phenomena  have  b^  reported  by 
people  under  other  drcumstancea  such  as  solitary  sailing,  isolation  In 
a  meteorological  station,  trapping,  and  so  on.  In  such  reported  experi« 
ences  it  is  evident  that  tto  symptoms  did  not  prevent  adequate  fune* 
tion.  In  soihe  cases  one  la  inclined  to  suspect  that  tto  hallucinations 
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njfnuuM  •  bltiid,  §yaiMk  itnctarbig  ot  tb«  envIroniMnfy  aloioct 
«s  •  tabtttbxU  for  •  threstemd  tecakdown,  with  dliorfanizatloii  of 
afnboUe  behsrior  and  resoJilnf  paaie.  Hbwaver,  when  two  or  more 
ptosi*  together  haOodnationa  do  not  cccnr. 

The  drtmttie  tjmptom»  of  parebcjiaf  haSodnationa,  and  ao  forth, 
'time  do  not  appear  of  bupniaaea,  Wbat  ia  of  hnpmtance  to  Uf^ 
howerer,  and  eometfmea  to  the  htca  of  men  frt  reseoe  partlea,  la  a 
^MDomenoB  which  ia  rarehr  mentimied.  It  waa  called  to  mjr  attention 
hf  Colonel  Fndaiek  W.  Tiauaemaa,  V.  S,  Marine  Corpe,  who  haa 
had  eztenaire  experience  in  cold  weather  medical  problema.  The 
apapbom  which  ooeta  Urea  waa  known  earlier  bot  haa  been  more 
fraqnent  with  hnprored  meclMBifcal  tranaportation.  It  eonaiata 
aaaantiaTljr  of  a  foim  of  diatortad  ftfaWwg  in  which,  even  at  timea 
widioat  anp  warning  aanaatioa  of  *1audeiy*%  a  dedaion  ia  made  to  act 
and  ia  proi^tly  pot  into  effect  The  Saaaiar  naolta  fimn  the  dedaion 
beffif  ^  wrong  one.  The  onijr  indieaihm  of  **panid*  map  be  the  failare 
to  aean  the  total  sitaation  and  to  aaaeaa  the  probed  ontoome  of 
different  poadble  plana.  The  qnaptom  jyipeara  tinder  conditiona  in 
which  thm  ia  a  audden  change  in  the  antidpated  coone  of  eventa,  aa 
in  the  forced  landing  of  a  pUne^  the  breakdown  of  a  ano^t  and  ao 
on,  far  from  a  fixed  InataDatioii.  Even  carefollp  indoctrinated  men 
who  have  had  Arctic  experience;  vhen  predpitated  from  modem, 
mechanixed  comfort  into  the  Arc&  waate  map  dedde  to  **walk  out*. 
TUa  deddon  ia  often  made  deepita  knowledge  that  thep  could  not 
anhe  the  trip  on  foot  and  ia  alao  pot  into  dfect  without  taking 
adequate  bearinga  of  direction.  For  laaap  men  the  lile4oiig  tendenep 
*to  get  homd*  appeara  to  wipe  oat  knowledge  that  the  machine  ia  the 
beat  aheltar  thep  have  untU  hdp  oomeo  a^  that  it  takaa  time  and 
preparation  to  travel  in  the  Ar^c.  The  tipe  of  diaorganixed  think¬ 
ing  in  which  the  world  ia  seen  and  reeognixed,  acrordi^  to  aa  over- 
oimplified  formula  derived  from  earlier  experieneeo  and  decermined 
bp  wiahee  rather  than  facta,  is  not  a  problem  on  which  conaiatant 
otudles  can  be  performed.  The  anecdotal  evidence  la  conviucing,  how¬ 
ever,  and  analofmua  phenomena  are  known  to  occur  in  other  aituationa 
involving  audden,  unexpected,  and  threatening  change.  Thua,  wdl 
trained  aurgeona  have  bm  known  to  aew  op  dirtp  wounda  during  the 
otreaa  following  a  dJaaater  auch  aa  a  tornado.  Inatead  of  cleaning  the 
wound  and  leaving  it  open  (in  order  to  prevent  burled  infection), 
thep  acted  aa  though  thep  wanted  to  denp  the  prublem.  Thia  kind  of 
faUare  in  thinking  can  be  greatlp  reduced  bp  rehearaed  planning  for 
emergenciea. 

Another  pojrchiatrie  problem  which  ia  peculiar  to  the  tranaition 
period  of  Arctic  travel  and  mobilitp  ia  often  labelled  "caieleeaneaa".  It 
eonaiata  of  pilota  and  drivers  of  vehielea  with  heated  cabs  atarting  on 
a  miaaion  or  trip  without  their  cold  weather  equipment  Even  a  minor 
repair  Job  can  prove  fatal  without  adequate  protection  from  the  cold. 
The  attitudes  which  result  in  thia  tjpa  ot  careteeaneea  vary  con- 
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iUmbljr  but  «lwsyg  fndudt  «  lack  of  paraonal  eommltmant  to  tho 
objaetlvo  of  tbo  ontlii  to  wMeh  the  man  bolongs.  A  variaty  of  thoo- 
intleal  motivea  nujr  bo  fnirokad  to  explain  thia  behavior,  anch  aa  on* 
eonadooa  aoiddal  wiahee,  needa  to  prove  that  aomaona  will  taka  eara 
of  pDO,  a  magical  aenaa  of  omnipotence  to  cover  op  fear  of  takfny 
raeponaibility,  and  ao  forth.  Bjr  and  large,  aO  men  are  potenttoOf 
capable  of  tfaeee  attltodee  at  aome  time  in  their  Uvea.  FractieaQf, 
however,  each  potenilalitiea  are  reduced  to  negligible  aignifleanee  I7 
aerioua  emphaaia  throughout  the  outfit  on  the  relevant  factore  in  the 
altoatlon  and  the  development  of  reaaonable  expectationa  of  accom- 
pliahment  fay  aU  eehelona  of  command. 

military  .nita  there  ia  a  dearly  obaervaUe  difference  between 
commandera  who  give  ordera,  aa  it  were,  from  a  dlataace  but  have 
their  minde  on  othar  thJnge,  and  commandere  who  allow  it  to  becomo 
known  that  they  know  what  ia  important  under  the  drcumetancee 
and  that  they  are  genuinely  concern^  with  it.  There  la  little  dlflleulty 
in  pointing  out  the  logic  of  protective  measures,  but  it  may  trJ» 
conalderable  effort  to  establish  a  general  expectation  in  the  unit  that 
certain  minimal  requirements  will  always  be  met  and  that  failure  to 
meat  these  minimal  requirements  constitutes  a  threat  to  the  group 
integrity,  Le.,  a  threat  to  the  safey  of  one’s  immediate  associates.  The 
importance  of  the  personal  attitude  of  the  commander  toward  preven> 
tive  measures  was  diacossed  by  Colonel  Engene  R.  Inwood,  U.  S. 
Marine  Cotpe,  at  the  Sympoeium  on  Strese  held  at  the  Walter  Bead 
Army  Medical  Center  to  1963  (3).  In  an  infantry  division  to  France 
to  Worid  War  n,  recommendationa  were  made  at  Division  level  for 
prevention  of  trenchfoot  One  regimental  commander  transmitted  the 
recommendations  verbatim  but  was  privately  of  the  opinion  that  the 
men  would  not  carry  them  out  and  that  th^  could  not  bo  enforcod. 
In  the  soeceedtog  period  trenchfoot  remained  a  major  cause  of  lose  of 
personnd  to  his  regiment  The  commander  of  tho  other  two  regimento 
transmitted  the  recommendations  as  commands,  with  subsidiary  com- 
manda  for  foot  inspection,  and  so  forth.  Tha  message  time  implied 
personal  involvement  in  the  effectivenesa  of  the  group  and  in  the* 
Importance  of  maintaining  this  effectiveness.  The  result  was  a  marked 
decrease  in  rate  of  trenchfoot  under  conditions  similar  to  those  to 
which  the  first  regiment  showed  an  increase. 

Now  that  larger  numbers  of  troops  are  being  sent  to  the  Arctic, 
either  to  fixed  installstlona  or  on  maneuvers,  it  seems  likely  that 
probtenu  due  to  neuroses  and— often  of  greater  nuisance  value— due 
to  the  ’’acting  out"  and  asocial  symptoma  of  the  so-called  character 
and  behavior  disorders  will  be  more  frequent  than  when  the  unita 
were  smaller.  In  part  this  Is  a  problem  of  selection,  but  to  a  larger 
extent  it  ia  due  to  the  greater  eff-  iency  with  which  a  small  group,  aa 
compared  with  a  large  one,  can  develop  intrinsic  personal  suopcrt 
and  control  measures.  The  neurotic  symptoms  and  the  forms  of  asocial 
behavior  will  inevitably  be  characterised  by  the  environment.  F^r 
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taamsHt,  aa  apldemie  of  eold  in/tuy  fa  KMf  to  bo  aceompanlod  hr 
BMfotfc  eonpUlnta  of  ''cold  inX*  aUdi  an  xcfarded  hf  th«  aafTarnr 
aa  fhwtbitt.  Farther^  It  la  hlghljr  nnlus^  tliot  AWOL  win  bo  of 
rignUaaut,  bot  '^aeddoital'*  to  ''prmiafitotod''  aelf^Bxpoaara  to  tbo 
e(^  ia  Ukaljr  tmder  eortaln  dremnatnieaar  A  great  deal  of  work  baa 
baea  done  during  and  alneo  Wbrid  War  II  on  these  problema.  The 
baale  prlndplea  for  dealing  with  them  la  combat  psjrehlatrx  hare  been 
fornmlated  end  tested  (4).  Farther,  these  prl^plee  hare  been 
appUed  to  peaoetlnie  neurotle  proUenm  fa  eampe  (6)  hf  the  Hiental 
Biiilene  Consultation  Serrfea,  and  also  to  the  pr^lems  of  more 
effldent  handling  of  miUtarjr  offenders  (1, 6).  In  general.  It  appears 
uaafid  for  commanders  to  regard  neurotfe  ud  asocial  symptoms  as 
aa  Inadsqnate  form  of  eommnnlcatioB  far  the  purpose  of  getting 
attntfon  oad  personal  support  ftidt  hiadequate  eommunieation 
i9psarB  to  be  laereased  by  lack  of  darfty  fat  traasmlaslon  through 
fba  of  command  of  tte  lirnnedlats  oldeetiTe  of  the  group  and  of 
personal  commitment  to  Its  reasonable  accomplishment  These 
proUems,  however,  are  problema  of  tiie  art  of  leadmhip^  dlscnsaion 
of  wbieb  ia  too  general  aa  area  to  take  up  here.  It  shodd  be  noted, 
however,  that  nmuotie  and  asocial  behavior  tends  to  increase  under 
stress  and  discomfort  partfrolsiiy  if  it  appears  that  some* 
one  else  is  receiving  preferential  txcatmsBt  or  assignments.  Never> 
thelsse,  whmi  stress  inereases  ahar^,  such  aa  dur^  rapid  move* 
m^  or  under  severe  threat  of  survival  and  it  Is  guito  clear  that  no 
one  can  give  the  desired  personal  atteatfam,  these  symptoms  are  much 
less  lik^  to  oceur.  Thus,  they  are  unlik^  to  inereue  the  danger 
when,  as  it  were,  the  chlpe  are  down. 

The  dUBculties  presented  by  inadequate  performance  of  men  on 
espeditioes  and  isolated  stations  naturally  result  in  the  demand  for 
methods  of  selection  which  will  eliminate  ffiose  who  are  potentlany 
ineffective.  A  very  good  ease  can  be  nude  for  the  proposition  that  a 
comidetdy  effective  selection  procedure  Is  Impoesi^  Man  Uvee  and 
behaves  according  to  his  symbolic  representation  of  the  world  around 
him.  Over  the  course  of  time  every  num  finds  himself  in  aituationa 
with  others  that  be  handles  leas  well  and  ftom  which,  under  ordinary 
dreumatances,  he  has  aodally  very  appropriate  means  of  escape,  ao 
appropriate  that  ndther  be  nor  his  saaodatee  notice  them.  Further, 
with  time  and  experience  the  symbolic  aystams  for  processing  social 
data,  1.0^  the  data  of  living,  change  and  become  more  eflident  for 
certain  purposes,  less  for  others.  Since  we  cannot  predict  the  future 
cireumatancee,  It  Is  dear  we  cannot  predict  a  man's  fbture  perform¬ 
ance  In  any  abiwlute  sense.  We  have  to  settle,  therefore,  for  reasonable 
probabilities. 

The  practical  problem  of  selection  of  personnel  reduces  to  three 
major  questions.  The  first  la  the  question  of  the  ratio  of  the  number  of 
positions  to  be  filled  to  the  manpower  pool  available.  The  second  !a 
the  accuracy  with  which  the  combined  Jobaituation  ia  known  for 
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wMeh  mketim  i»  imdiu  Tb*  UH  (f  tlw  knowbdgs  ATsilaUd  on  tho 
nan'f  pnriotu  perforaumeo.  A  fMr  wu  oondoeted  iho  Wttter 
Bccd  i^nqr  InfUtate  of  lUsMreh  imdCT  tho  dfnetioii  of  CoIomI  GUm 
on  tho  militanr  perfomuuieo  of  505  non  rsatbstijr  Mlaeted  on  whom 
doteilad  ptjreUahie  d»t»  wet*  ofaiafned  tte  Offleo  of  tho  Sorgoon 
Gwionl  daring  tho  flnt  threo  wmIoi  thof  won  fai  booie  trmfninf  (2). 
Thooo  aathom  alao  roriowed  tha  IKentino  and  dfacosaed  tha  genaral 
mohlora  of  aelecdon.  Ona  mag  catiniata  thatv  wMi  a  largo  pool  to 
adoet  from  and  roaaonabljr  adeqaata  information  on  wU^  to  baaa 
fodgmanta,  ooraa  97  par  cent  of  tha  adeetaea  or  mon  aboold  porform 
MotiifaetcrOj  or  batter.  It  farther  aeema  clnr  that  an  experienced 
pqrehiatriat  can  reoognlzo  incipient  pajrehotie  reactiona  ^  other 
aerfoaa  diatorbancea  which  an  liheljr  to  become  manifeat  in  the  near 
fstan.  Tha  Navg  pojrehiatrie  aereoiing  program  for  adantiata  and 
Naval  penonnel  going  to  Antarotica  daring  tha  IGT  and  ainoa  haa 
proved  efTactiTa  in  that  no  pajehotie  reactiona  have  derdopad  amongat 
tha  wintering-over  peraonnd.  Nona  of  theaa  aeleetion  methoda,  bow* 
aver,  haa  been  pnetiailly  oaefol  for  differentiating  between  mon 
affedtiva  and  leaaeffeetiva  men  within  tha  generaHja^bfactoiygroop. 
Tnniam  U.  Smith  (7)  haa  reported  on  t^  adeetion  procadnrea  oa^ 
bf  tha  U.  S.  IGY  Committee  for  dvilian  adentiata.  A  qaeationnain 
deviaed  bjr  men  with  eonaiderabla  Aictie  experience  waa  naed. 
Anowen  wen  obtained  from  aeveral  people  with  peraonal  knowledga 
of  tha  applicanta,  and  tha  data  ao  obbdnad  wan  analjzed  and  rat^ 
by  a  pand  of  judges.  Tha  ntinga  ao  obtained  oomlated  verg  well  with 
tte  perfomanca  of  tha  adentto  aa  npoited  by  tha  adentife  leaden 
of  ^  respeetiTa  Antardie  stations.  Tha  g^  correlation  found 
indicates  tha  importance  of  knowing  tha  idevant  facton  for  which 
adeetion  is  made.  However,  in  this  case  tha  problem  of  motivation  was 
varj  different  from  that  involved  in  tha  avenge  militanr  onit  under 
present  conditions. 

It  ia  dear  that  from  the  standpobt  of  adeetion  and  also  from  that 
of  training,  it  is  important  to  Imow  what  an  tha  rdevant  atreaaas 
that  most  be  dealt  vith.  Since  I  do  not  have  peraonal  experience  in 
stndying  this  directly,  my  comments  wiU  be  limited  to  certain  general 
principles  derived  from  behavioral  research. 

A  great  deal  of  work  has  been  done  on  tha  anatomical,  physiologicsl, 
metabolic,  endocrinologle  and  other  changes  of  animal  and  human 
organisms  on  exposun  to  cold,  acutely  and  chronically.  These  studies 
have  provided  the  necessary  data  determining  the  basdina  of  what 
has  to  be  provided  in  tha  form  of  food,  protective  clothing,  shdter, 
and  so  forth  to  support  life  in  tha  Arctic  and  to  permit  additional 
activity.  Tha  question  of  cold  acdimatlon  has  been  of  considerable 
interest  and  a  number  of  authors  are  of  the  opinion  that  man  does 
not  have  appreciabie  capacity  in  this  direction  (8.  9).  The  studies  of 
Davis,  1960  (10),  however,  suggest  that  longer,  more  severe  exposure 
demonstrates  such  ability  in  man  as  well  aa  in  animala.  It  la  of  interest 

107 


lo  tUf  ngsnl  to  note  tliti  nuuqr  pMplt  Urbig  bt  cold  dfnuitM  »r§ 
ftldom  Mriooflx  txpoted  to  cold.  TMr  fannMdtoto  fomatie  csflRr; 
mnto— Insldt  their  elothlnr  «ad  flititors— tend  at  timea  to  preiant 
tba  piDUam  of  haat  dlaaipa^on  rather  tfaaantention. 

Fhjrakdogiata  hare  paid  attentiim  to  the  antomatle  homeoetatie 
merhaniemiy  parttealarfy  ainee  Walter  B.  Canon  coined  the  term 
^lionieoetaale^,  Mach  leea  attention  baa  been  giren  to  the  eapodtiea  of 
animala  and  men  to  manipulate  the  enrironment  in  ordei'  to  anrvlve 
or  to  be  mom  eifeettoa.  Dr.  Curt  F.  Blebter  ia  one  of  the  few  biologlata 
idio  haa  called  attention. to  the  latter  phenomena.  Hie  ahowed,  lor 
anmpla^  that  rate  could  adect  an  appropriate  diet  to  companaato  for 
defldendea,  a  function  which  waa  kit  if  thdr  taate  nenrea  warn  cut 
Wild  Balti^m  aewar  rate  of  the  aama  apedeo  failed  to  ahow  thia 
ftmetioa  ander  the  paxehologkal  atiaaa  of  beiaff  bronidit  into  the 
atranga  anvimnment  of  the  laborateej  (11).  Dr.  Blehter  alao  ahowed 
that  tiumideetomtead  rate  would  da  if  kept  in  a  cold  laboratorjr. 
When,  bowemr,  ther  warn  proridad  with  mom  neat4MiiIdinf  material, 
diagr  build  neate  larger  than  ordbutrOy  and  ao  prodded  aheltem  in 
ediidi  thqr  aordred  (12,  18).  Other  addenoe  from  Add  atndlea  of 
babador  dao  demonatratoa  teat  aurdral  dependa  on  adequate 
pwajpnlatipn  of  the  endronment  and  sot  merdf  on  autuflomie.  reiiexea 
and  ao<afled  *iiiatincte^.  Thia  bacomea  increaainglS^tme  for  the 
Ugber  primatea,  and  it  ia  quite  dear  that  manipulation  of  the  environ* 
mant  ia  a  natn^  procedure^  naceeeaiy  for  aurdval,  and  la  not  an 
aeddent  of  ddllxaHon  nor  a  cnltaral  artifact 

bi  contmat  it  haa  alao  been  ahown  teat  the  ao-caUed  automatic^ 
homaoetetie  machaniama  can  become  daorganized  and  lead  to  fllneBa 
and  death.  In  eacperimental  atudleo  on  monkeye  at  the  Walter  Bead 
Armjr  Inatitnte  of  Beaearch  a  conaidareble  number  of  animala  in  con- 
dithmed  lelten  experimenta->in  which  the  animal  waa  under  pajdio* 
logical,  but  not  under  physical  etrcM  developed  peptic  nkem  or  other 
dlatnrbaacce  of  the  digi^ve  system  (14).  The  mechanisms  of  these 
diaeasea  have  not  yet  been  identified,  though  it  appears  that  inter* 
mittent  stress  alternating  with  relation  is  necessary  and  that 
hormonal  changes  may  be  involved  which  occur  following  and  not 
during  the  stress  (15). 

In  a  recent  article  Goldstein  (16)  has  pointed  out  that  hormonal 
effects  on  the  tissues  of  the  body  depend  on  the  proportioju  of  hor> 
monea  circulating  mther  than  on  the  atoelttte  amoimte.  He  also  shows 
that  thia  secretion  of  hormones  la  increasingly  under  the  control  of 
the  brain  in  the  phylogenetically  higher  forms.  This  control  provides 
greater  anticipatory  sensitivity  but  is  also  less  stable.  Dr.  Blehter 
(17)  haa  demonstrated  even  more  dramatic,  lethal  effects  of  peycho* 
logical  reactions.  Wild  rate  were  trapped  and  brought  to  the  laboratory 
for  comparison  of  their  behavior  with  the  laboratory  strain  of  t^ 
same  species  (grey  Norwegian).  They  wem  subjected  to  a  sequence 
of  threatening  and  frustrating  exp^encee.  A  cone-ehaped  bag  of 
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Naek  T^«t  wm  Attad  to  m  openfniT  In  tho  esfo  ond  tho  nt  dmttd 
ittto  ft  Ho  wio  th«u  hold  hf  hi$d  »nd  bodjr  and  tho  hof  drown  boeh; 
inaldoK>tit  exposing  hi*  ]eit  end  face.  Tho  rat  lajr  atill  and  failed  to 
atmcgfo,  Tho  whiaJcare  were  ent  depriflng  Urn  of  an  Impogtaat 
aonaing  device  and  ho  waa  dropped  i^  a  ejdfadar  of  water*  All  of 
tho  wild  rats  died  within  aeeonda,  awimmfog  to  tho  bottnn  of  tho 
epUadar.  On  examination  no  water  waa  foond  fai  tho  longa,  ao  death 
waa  not  doo  to  drowning*  Taking  tho  eleetriad  record  ^  tho  heart 
ahowed  that  it  aaddenip  alowed  a^  stopped,  probablf  doe  to  •  ragal 
reflex.  Bata  whieh  were  given  gnAnaUd  experience  with  the  saeeeo- 
aivo  proeeduree  aeparateh^  did  not  die  bat  swam  nonnalfp  when 
drop^  in  the  water.  Or*  Bichter'a  interpretation  waa  that  the  threat 
and  ^liopdeaanesa'*  of  the  aitnation  eao^  the  aotonomfe  rcspoaaea 
erideh  tho  rata. 

Experimental  work  in  the  Add  of  lethal  hdiavior  patterns^  whether 
overt  or  covert  is  rare.  However,  experienced  dinidana  have  maajr 
verj  convindag  aneedotea  eonflnning  the  oecsrrenee  of  aoeh  behavior 
in  homana.  A  comprehenaive  review  of  the  literatnxe  concerning 
obeervatione  on  hnmans  haa  recentljr  been  preeented  bjr  Herbert  and 
Head,  IMl  (18)  in  a  panel  diaeoMion  of  the  pejehophyaiobfp  of 
death.  Attention  ahonid  also  be  given  to  obeervathma  on  combat,  each 
aa  thoee  of  S.  L.  A.  MemhaJl,  Brig,  (kneral  (ret).  Using  a  method 
of  ddirleflng  troopa  aoon  after  particnlar  epiiKMlee,  he  hae  aeeamn- 
laied  a  etore  of  eF»>witneaa  reports  of  performance  under  extreme 
etreaa.  Marshall  (19)  reports  that  the  hmding  at  Omaha  Beach  was 
ecoompanied  bp  an  extreme;,  abnormal  weakneu  ao  that  men  drowned 
In  two  to  three  feet  of  water  through  inabilitp  to  walk  earzping  their 
regular  equipment  The  common  explanation  of  weakness  as  doe  to 
'*fear^  ia  wA  adequate,  since  ^ear^  la  also  credited  in  other  sitnatione 
as  increasing  a  man’s  energp  and  strength.  Farther,  there  are  no 
operational  eritaria  for  its  measurement  No  measurements  of  vital 
funetions— each  as  blood  pressure,  blood  sugar,  and  so  forth— were 
made  at  Omaha  Beach  ao  that  the  physiological  state  of  the  men  is  not 
known.  All  one  can  sap  Is  that  under  the  circumstances  the  bodp  failed 
to  support  the  brain.  Whether  or  not  the  sudden  exposure  to  extienie 
danger  following  a  long  passaga  in  a  landing  craft,  with  physical 
inactivitp  and  plenty  of  time  for  ruminative  anticipstion,  is  a  matter 
of  speculation.  It  may  be  noted,  however,  that  equivalent  factors  would 
Iw  involved  in  flying  paratroopera  from  distant  fields  into  the  Arctic 
for  a  dangerous  jump. 

I  should  like  to  make  two  vommente  on  the  general  problem  of  ‘Ibe 
support  of  the  brain  by  the  body”  which  can  also  be  formulated  sa 
**the  maintenance  of  efficiency  under  changing  condition  and  increae> 
Ing  load”.  The  first  concerns  the  rather  widespread  concept  that  the 
autonomic  and  endocrine  control  of  visceral  functlona^n  other 
words,  the  internal  household  working  of  the  body— Is  innate  and 
behavea  aa  a  set  of  stereotyped  reflexes,  Influenced  only  by  emotions, 

109 


aUHadtt,  «jid  ntidjMiioii  of  nward  or  paakhsauit  Thif  concopt  it 
probMjr  too  oxtnmo,  A  gmt  deil  of  fn  RoMio  and  aeattand 
obaonndidna  In  yfttimi  labontofea  fiidi»f«  that  tba  nanrooa 
madwafsina  eontzollinff  tho  cafdioTaaeiihtt;  viscoral,  endoerincv  and 
othar  wpport  aivtcna  can  lean  and  dun^  thdr  ptAXonm  of  ftmc' 
tlon  ao  aa  to  more  edfelentir  meet  partfeolar  stresaca  and  bade  bu’ 
poeed  h]r  the  environment  It  eeema  probaU^  for  examid^  that  much 
of  athi^  trainhyr  it  to  ^‘tetebr  the  antoacnnie  qrstem  a  pattern  of 
aetfritr  for  aapporting  a  program  of  acthm.  IhsJnbg  for  the  lOiVyard 
daah  b  thna  qoite  differed  ftom  trafaifnff  fiiir  the  marathon. 

The  aeeond  in  related  and  enoeeraa  the  fmportance  of 

attftndea  in  acoompUahing  the  txanaitioa  from  life  in  the  temperate 
tone  to  life  in  the  Aretie:  Even  trhh  aome  10  bil!bn  nenre  odia  in  hia 
bnii4  it  ia  impoaaible  ftnr  man  to  handle  all  the  aepante  ^tittT  ot 
information  aniving  from  Ua  aenae  organa.  Hence^  he  integratea  raat 
qoantitica  of  data  into  rdatircljr  few  pattema  which  may  be  thoaid>t 
of  aa  *1niag«a**  or  eoneqrtnal  modela.  The  proceea  of  integration  of 
data  into  *Tffiage8"  in  lai^e  part  ia  eontrdled  hy  preriooa  experience^ 
inclnding  what  was  done  ir  ‘w  eariler  eqnrience  and  the  resnlting 
pleacore  or  pain,  sneeeas  or  ire.  A  maa'a  images  or  conceptual 
models  thus  both  determine  his  perception  of  his  aitoation  in  the 
environment  and  also  define  Us  ^an  of  action.  The  'Hmsgef”  of  cold 
and  snow  wUeh  a  man  brings  with  him  to  the  Aretie  may  be  very 
*  faiadegoate.  In  Washington,  D.  CL,  for  example,  a  child  observes  that 
six  inches  of  snow  is  ao  nnmaaageable  that  ^  achocls  are  doaed.  He 
also  learaa,  however,  that  it  is  ao  unimportant  that  he  is  sappoaed  to 
play  in  it  TUv  !s  in  sharp  contrast  witii  the  *inuigear  of  winter 
dewBloped  by  children  raised  in  northern,  mral  communitiea  where 
respect  for  the  cold  and  utilixation  of  the  snow  and  ice  for  travel  in 
hunting  or  trapping  are  part  of  everyday  living  and  on  which  soda! 
status  as  an  adequate  person  depends.  In  southern  climates  a  boy  geta 
concurrence  from  his  peers  in  his  unrealistic  attitudes  toward  cold, 
but  not  in  onrealistie  attitudes  towards  swimming,  care  of  horses, 
checking  water  supplies,  and  so  forth. 

On  coming  into  the  Arctic  a  man  from  a  warm  climate  has  to  leam 
a  new  set  of  '^templates’*  for  processing  the  routine  data  of  living. 
If  he  has  previous^  learned  to  leam — that  is,  to  commit  himself  to 
the  environment  and  to  act  with  it,  rather  them  fearing-figkting  it— 
the  transition  period  is  rapid.  Otherwise  bis  tn^ition  requires  the 
supportive  pressure  of  his  group  associates.  When  man  commits  him- 
self  to  a  group  and  to  the  group  objectives,  be  demonstrates  his  sense 
of  identification  by  learning  and  using  the  conceptual  modela  which 
tho  group  uses.  Obtaining  a  man’s  commitment  to  a  mission  in  the 
Arctic  is  probably  the  major  task  of  cold  indoctrination.  Together 
with  information  on  the  routine  of  living  in  the  cold,  it  also  reduces 
apprehension  and  other  attitudes  which  interfere  with  his  cardio* 
vascular,  respiratory,  metabolic,  and  other  physical  adju.<itments  to 
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th*  mfinnmmt.  It  to  always  surprtofng  how  quickly  physical  adjuat* 
manta  to  a  new  act  of  environmental  factors  can  be  accomplished  when 
not  Interfered  with  either  by  misinformation  or  by  feairing>llghting 
the  sitoatton.  Attitude  thus  faeilitatca  or  inhibits  acclimation  and  in 
thto  senae  tuay  be  regarded  as  of  prime  Importance. 

A  aoctol  psychological  study  of  personal  and  group  problema  in 
several  stati^  in  Antarctica  has  bm  published  recently  by  Rohrer, 
1960  (20),  end  his  findings  are  generally  substantiated  1^  other,  less 
formal  evidence.  Bohrer  dewribes  four  independent  fa^rs  which 
determine  different  aspecta  of  tbs  aoclal>pqrcboIogical  stress  encoun> 
tend.  The  flnt  to  tiie  accessibility  of  the  station,  in.,  whether  it  to 
difflcult  bat  feasible  to  reach  at  any  time;  whether  help  to  available 
in  uaergendes;  or  whether  for  a  period  of  time  it  to  completely 
eat  off.  The  second  factor  to  the  size  A  the  group  involved,  the  smaller 
the  group  the  greater  the  necessity  for  maintaining  woitable  per¬ 
sonal  relationships  with  all  the  other  members;  the  larger  the  group 
the  greater  the  freedom  of  personal  association,  but  also  the  greater 
the  need  for  formal  organization.  The  third  factor  to  the  size  of  the 
living  and  work  areas  which  determines  both  the  possibility  of  privacy 
when  desired  and  the  eflkieney  of  operation,  ^e  fourth  factor  to 
danger  of  extreme  cold  and  the  necessity  for  constant  vigilance  to 
the  safety  of  the  installation,  supplies,  and  men.  This  prob¬ 
lem  of  vigOance  berames  more  acute  in  certain  situations  such  as 
occur  with  a  small  group  traversing  dangerous  terrain. 

Li  addition  to  the  factors  noted  by  Bohrer,  attention  must  be  given 
to  the  composition  of  the  groupu  stmcbire  of  a  group  as  meas¬ 
ured  by  its  performance  to  determined  largely  by  the  mission  or 
objecti^  of  its  members,  separately  and  collectively.  In  small  groups 
in  isolated  stations,  survival  to  return  '*bome'*  becomes  dominant  and 
produces  a  remarkable  degree  of  control  of  interpersonal  relations. 
The  necessity  for  limiting  the  ordinary  social  tnedom  of  direct  ex¬ 
pression  of  attitudes  results  in  a  closed  system,  as  it  were,  of  intra¬ 
group  communication  with  its  own  values  and  nuances,  its  own  private 
language.  This  inevitably  results  in  an  attitude  of  *^IS  against  the 
world**,  since  the  connotations  of  words  change  and  even  direct 
verbal  communication  by  radio  with  "home**  becomes  limited  to  more 
general  Tacts”.  Under  these  conditions  the  customary  **planning  for 
the  futiire”  must  be  held  in  abeyance,  a  result  which  is  of  particular 
stress  for  upper  echelons  of  technical  and  professional  personnel. 
In  our  presently  expanding  bureaucratic  system  the  need  for  reliable 
friends  in  the  organization  at  home  is  acutely  sensed.  The  question 
”Have  they  forgotten  me  at  homeT*  is  one  of  the  major  n^es  of 
expression  of  the  stress  of  separation,  isolation,  and  limitation  of 
fr^om  of  action. 

Other  aspects  of  the  role  of  objectives  are  important  from  the 
standpoint  of  conflicting  interests  within  the  group  itself  though 
these  aspects  are  subordinate  to  the  requirements  for  survival.  There 
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gmt  differraeM  lo  attfiudt  btiwam  tli*  vnttuknuA  explornr 
fbrwhomanexpeditlonlf  part  of  Uf  lift  career;  tlwadmtift  who  la 
foing  fur  the  purpoce  of  getting  partfeolar  data  and  who  la  dependent 
on  hia  apparatoa  working;  tto  trained  technfdan  who  haa  a  well 
defined  job;  leaa  well  trained  men  who  ^relonteer  for  a  enrloaa  variety 
of  ^reaaona^  bat  which  amoont  In  general  to  ‘Iwing  tbere^  rather 
than  to  any  clea:ity  definable  foncthm;  men  who  are  ordered  to  the 
Aretie  '^for  training^  or  onty  to  maintain  Inatallatlona;  and  ao  forth. 
The  adeotiat  who  wanta  ad^tlonal  'tdp  with  recalcitrant  eqolpment 
and  personnel  who  are  only  concerned  with  eatabUahing  a^  main- 
taining  the  Inatallatlon  can  eaafly  act  vp  an  anxlooa  dichotomy  In  a 
gioap  with  a  good  deal  of  IfTnlted  antagonianL  It  la  of  Interest  that, 
aJthoagh  anch  gronpe  often  ezpreaa  oonaidenible  dlatreae  and  resent- 
ment^  limited  antagonism  can  prove  to  be  a  strong  nnitying  system 
against  external  dimgers;  and  ^  sense  of  hostility  and  distyess  may 
be  onideasant,  bat  not  necessarily  snrtafl  superior  prodoctivity 
daring  a  tour  of  a  definitely  limited  period  of  time. 

The  problems  of  divergent  objectives  obviously  are  reduced  in  small 
groups  (12  men  or  less)  of  technically  train^  personnd.  In  such 
*Tace4e>face”  groups  with  wdl  defined  missions,  leadership  becomes 
of  little  Importance  and  consensus  on  the  course  of  action  can  be 
readily  achieved.  With  groups  of  20  to  30  men,  vertical  channels  of 
communication  (command)  become  necessary  but  can  be  maintained 
by  personal,  informal  contact  In  groups  of  50  or  mote,  vertical  and 
horizontal  formal  channels  of  communication  need  to  be  organised. 
Since  the  objectives  of  the  subdivisions  of  such  groups  vary,  the 
problems  of  what  is  called  "leadershiif*  also  vary,  and  no  indusive 
formula  will  perform  the  magic  which  is  often  widied  for  from  so- 
called  ^leadership'*  with  a  capital  "V*.  This  ia  an  area  of  human 
behavior  which  needs  much  more  study  and  indudes  such  ques¬ 
tions  as:  What  information  is  relevant  at  different  edwIonsT  What 
informal  channels  of  information  are  necessary  for  maintaining  the 
reliability  of  the  formal  channels?  What  feed-ba^  from  the  periphery 
is  rdevant  to  the  course  of  action?  How  can  auch  problems  be  opera¬ 
tionally  defined  to  permit  testing  and  development  before  they  be^me 
critical?  The  facta  that  the  margin  of  safety  ia  much  narrower  in  the 
Arctic  and  that  Arctic  operations  require  more  specialized  equipment 
and  therefore  more  diversity  of  technical  training  make  the  problems 
of  group  organization  more  acute  than  they  are  in  temperate  zones. 
Although  current  academic  studies  of  human  information  processing 
and  communication  can  provide  certain  guide-lines  for  investigating 
these  problems,  operational  investigations  with  carsful  reporting 
will  be  of  greater  significance  in  arriving  at  workable  solutions. 

It  appears  quite  clear  that  we  may  anticipate  a  considerable  in¬ 
crease  in  the  number  and  size  of  permanent  installations  in  the  Arctic, 
with  improved  communications  and  other  facilities.  Under  such  con¬ 
ditions  it  is  inevitable  that  we  will  take  a  great  part  of  our  culture 
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with  at.  It  it  to  b«  tntfdptted  that  th«  conventiont  tnd  mono  wt 
takt  with  at— Indn^flr  oar  natrotlo  tnd  ptjreliotio  probtemt-^wifl  bo 
modified  by  local  faetort  bot  will  more  resemUe  the  fbnnt  we  bare 
alreadjr  dereloped  than  ariTtbiiir  new.  The  qaestfon  hat  been  raited 
at  to  ^  problemt  arising  from  the  introduction  of  women  *9  life  in 
the  Arctic;.  This  it  basicity  a  qoettion  of  coltaral  rolet  and  ]imita> 
tiont  imposed  on  certain  rolee  the  enyironment.  In  permanent  in> 
ttallatio^  howerer,  there  it  no  reason  to  anticipate  problemt  other 
than  those  encoantared  in  isolated  commnnltiM  el^hexe.  These 
problemt  are  relatirebr  well  hscwn,  and  roost  commanitiet  iucom- 
nxidate  themselres  so^ently  well  so  at  not  to  interfere  with  the 
major  porpose  of  the  installation.  It  shoold  be  noted,  howerer.  that 
the  Amerfaan  caltnre  expects  all  its  members— whether  Mgh^  or 
lower  in  the  organisational  hierarchy— to  react  with  consistent  con¬ 
trol  to  pnctieal  cecessitiet  and  also  to  react  against  andne  discrep- 
udet  in  tfw  facilities  for  "adf-ezpression’*  provided  for  different 
lev^  or  for  different  onits. 

In  brief  sommary  one  may  say  that  the  present  major  psychiatric 
problemt  of  bt  the  Arctic  appear  to  be  those  of  a  transition 
period— transition  from  the  era  of  the  hero  explorers  who  pitted 
themsehres  personally  against  the  cold,  isolation,  and  Arctic  waste  to 
the  era  when  we  will  have  virtnally  '^tiJcen  oar  preferred  climate  rrith 
08**  by  mechanical  means  and  developed  a  set  of  acceptable  conven¬ 
tions  and  mores  to  go  with  it  We  have  started  on  the  latter  bot  still 
have  to  prepare  a  considerable  proportion  of  oor  people  in  the  Arctic 
in  the  lore  and  for  the  functions  of  the  former.  In  this  transition 
period  we  need  operational  Investigation  with  carefol  records  of  the 
transndaaion  of  information  throogh  groope  operating  under  dif¬ 
ferent  conditions,  since  organizational  effectiveness  depends  on  dear 
information.  This  Indudes  the  vertical,  redprocal  transmission  of 
commands-responsea  and  the  horizontal,  reciprocal  transmission  of 
expectations-responses.  Guide-lines  for  such  operational  investiga¬ 
tions  can  be  prorided  by  the  social  and  behavioi^  adences,  but  there 
is  no  magical  solution  either  in  modem  ’'science**  or  in  mythological 
’’leiuiership**. 
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CHAiaMAN  Ekluno:  Now  we  come  to  our  laat  proaentatlon>-Uie  Summation  of 
Man’a  Future  Conquaet  of  the  Arctic.  Aa  you  hMrd  yeaterdap.  Dr.  Horvath  waa 
on  the  treadmill  along  with  Sir  Hubert  Wilkina  and,  fortunately,  aurvived.  Now 
he  ia  faced  with  an  a<piaity  taxing  aituation  aumming  up  thia  conference  without 
any  opportunity  to  read  the  papera  prior  to  their  pieeentatlon,  Ladiae  and  gentie< 
man.  Dr.  Steven  M.  Horvath. 
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SUMlfATIONfMARV  rUTURS  CONQUEST  OF  THE  ABCnC 

Snvnf  H  HomTB 
Univenftjr  of  CftUfornis 
SoirU  B«riMra»  C»lifonii» 

A  ftrcM  moelii  more  extreme  thaa  exporare  to  cold  ie  an  attempt 
to  aammarfze  «  conference  wfthont  benefit  of  the  manujcripta  con- 
trfimted  br  tbe  partidpanta.  We  are  faced  with  the  problem  of  de> 
ddiug  whether  or  not  man  haa  reached  a  point  where  he  haa  become 
ao  fuiriUar  with  the  Arctic  that  be  looka  opon  it  with  a  certain  degree 
of  contempt— that  the  problema  of  Aretie  living  are  no  longer  aeriona 
becaoae  man  bringa  hia  own  environment  with  him.  He  Uvea  under 
iee  or,  in  tact,  may  aoon  be  Uving  under  the  pemiaftnot.  Hla  onlf 
expcaure  to  the  Aretie  ia  the  fact  that  he  reeeiveB  an  Aretie  clothing 
lane.  He  Him  into  the  Arctic  weara  hia  clothing  from  the  idane 
to  tbe  point  where  he  ia  stationed,  and  then  ataja  there.  Apptoxi> 
maldjr  three  or  four  per  cent  of  hia  remaining  time  is  spent  going 
ootdde  and  taking  pictures  of  himself  to  show  the  people  back  home 
that  he  haa  been  hi  the  Aretie.  And  to  make  it  even  simpler,  he  need 
not  worrx  about  tbe  cold,  the  crossing  of  ice  ridges,  pressure  ridges, 
or  ice  hflZs  because  he  haa  with  him  e  heating  dedcs  which  eon* 
stanthr  dears  hla  path.  He  flies  along  gracefully  on  new  air«enpported 
vdiidea  and  never  needs  to  walk  any  distance.  He  has  nothing  to  do 
with  the  Aretie  except  aa  e  transient  who  is  there  only  because  he  has 
been,  as  Dr.  Bioeh  pointed  out,  properiy  motivated,  properly  trained, 
and  eomidetdy  indoctrinated  that  he  ia  competent  to  survive  in  the 
Aretie.  This  is  one  imprescion  that  yon  can  obtain  from  listenhig 
to  the  papers  presented  in  the  last  two  days,  Le.,  that  we  have  solved 
the  proUems  of  the  Aretie  because  we  have  brought  our  environment 
with  US. 

It  is  my  impression  that  tbe  maior  difllculty  with  any  environmental 
situatioa  ia  that  those  of  us  who  are  concerned  with  it  are  so  im* 
pressed  by  our  abUity  to  manipulate  the  environment  that  we  forget 
that  the  individual  human  being  sometimes  refuses  to  respond  in  the 
manner  in  which  we  antidpated.  He  not  only  fails  to  utilixe  properiy 
the  clothing  and  protective  devices  provided  him,  but  also  his  attitude 
is  wrong.  The  fact  that  he  is  there  in  the  Aretie  tells  him  that  he 
haa  survived  its  rigors,  and  the  fact  of  survival  wrongly  nukes  him 
feel  that  he  is  a  superior  being.  Actually,  it  is  quite  possible  that 
Man  will  one  day  again  be  completely  at  the  mercy  of  the  Arctic 
environment  He  may  be  at  the  mercy  of  high  winds,  low  temperatures, 
and  much  more  continuous  exposure  to  the  tow  environmental  tenv* 
peratures  than  he  is  today. 

There  are  two  points  about  the  Polar  regions  which  must  be  re¬ 
membered.  The  first  ia  that  the  environment  in  these  regions  ia  not 
always  aa  nicely  defined  as  we  have  been  ted  to  believe.  The  second 
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If  that  w«  do  not  Imow  Mm'f  eapabiUtf  to  ptriorm  and  furriiro  fo 
tlMeoId, 

With  regard  to  definition  of  emrironaenf;  oar  goofrapbars  qwad 
•  great  deal  of  time  looking  at  the  emrironment  of  the  Polar  regiona 
bat  hare  not  rcalljr  obteined  the  information  which  la  abedotdjr 
neceaearj  for  Maa'a  eorriral  in  the  Polar  regiona.  Titey  know  wry 
little  ab^  the  ao-eaHed  microclimates— a  term  wUdi  ia  need  so 
eaeiljr  and  with  soch  great  facility  hr  all  of  oa.  Tbef  know  little  aboat 
the  microclimate  of  a  foUr  eqnipp^  man.  Host  of  oor  geographie 
information  and  meteorological  information  comes  from  places  where 
beauttftilly-amuiged  standard  facilities  are  arailaldetc  measare  these 
tilings  withoat  Inconrenienee  to  ihe  observer.  Bot^  the  man,  oho 
win  have  to  fight  in  the  cold  or  wfll  have  to  survive  fa  the  smaU 
environments  away  from  these  nice  facilities^  wfll  bare  a  different 
mieroclimate.  It  is  abeolately  necessary  that  in  the  fatore  »  very 
dear-cot  delineation  of  the  actaal  mferodhnats  be  obtained.  This 
information  cannot  be  obtained  by  the  facilities  which  are  presently 
avaflahle.  We  have  to  take  the  soldier  into  the  Mif-  '  7e  have  to 
obtain  analogous  microclimate  information  on  the  i:  pper  and  ex- 
plorer  actually  woridng  and  living  in  this  environment.  Thus  we  can 
learn  someth^  about  the  stresses  that  are  placed  r:pcai  the  human 
being. 

Concerning  the  ability  to  perform,  how  mnch  time  doea  a  man 
actcafly  apend  in  the  Cold?  With  aU  these  years  of  experience  in  cold 
environment,  wlqr  have  we  had  to  wait  to  obtain  information  about  the 
precise  length  of  time  a  man  can  wo^  at  levd  *%**  "C/*  or  *T>^ 
out  in  the  cold?  All  of  ua  here  have  experience  this  difficulty  of 
obtaining  precise  information.  Such  information  is  usually  obtained 
from  groups  who  are  isolated  with  no  real  need  to  get  out  in  the 
cold.  We  must  obtain  similar  data  from  those  people  who  must  be  in 
the  cold  and  must  perform  in  the  wet  cold  or  dry  cold  extant  in  Polar 
regions.  Such  information  we  don’t  have.  We  have  utilised  some  vague 
observations  obtained  in  temperate  climates  on  the  length  of  time 
a  man  works  at  certain  tasks  and  the  Intensity  with  which  he  works 
But  we  have  not  translated  this  into  absolute  information  about  Man 
in  cold  ir  semi-cold  environment  No  one  can  tell  yoo,  for  example, 
how  long  a  man  can  work  continuously  under  a  certain  kind  of  en¬ 
vironmental  stress. 

If  I  asked  you  to  define  clearly  the  length  of  tinm  and  the  level  at 
which  a  man  can  work  continuously  for  two  or  three  weeks,  1  think 
you  would  be  hard  put  to  give  me  any  figures.  In  relation^p,  for 
instance,  to  Man's  maximum  capacity  to  work,  what  la  the  best 
pattern  for  a  man  to  work  in  cold  cHmate?  Is  it  batter  for  him  to 
work  at  levels  at  which  he  will  h:*ve  energy  expenditures  of  eight  or 
nine  times  his  basal  metabolic  rate  for  a  period  of  5  seconds,  10 
minutes,  25  minutes,  an  hour?  Or,  is  it  better  for  him  to  be  woridng 
at  these  metabolic  rates  or  even  higher  v4ih  rest  periods  of  5  minutes, 
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20  mbattm,  SO  mfirotM?  WhAt  do  «Kb  onrt  of  IImm  pArtfeohr 
Vtnmttm  of  a  woridof  num  fo  a  coU  mfinmmut  do  to  aU  tbo 
piotoetffA  doriMA  thAt  wo  Art  deofgnlnf  for  Mm?  lo  tbo  dothinf  wo 
boro  todor  odoqoAto  ond  tbo  boot  tjpo  of  dotMng?  lo  tbo  notrltlonol 
otmidord  wo  oxo  oottfaig  op  fbr  tbo  ooldlor  tbo  propor  ono?  Tbo  loot 
qumtion  woo  freqoontly  ndiod  In  thio  conferoneo. 

AHbooMt  It  lo  porfeetlj  orfdont  tbot  wo  oil  boro  pretty  otxong 
comrietloiio,  oto  wo  eomet  in  cur  InterpietAtlon  In  tnmo  of  Bntrf> 
ttoBol  roqolremento,  In  termo  of  eJotblng  pnteetlom  bi  tomo  of 
tbonnol  inoolotlon?  Tben  ii  oofBelait  ATAfloblo  btfbnaition  to  proto 
aO  of  00  ore  oomewbot  wrong.  Bot^  we  ore  booing  tbio  InfonnAtion  not 
opon  tbo  Bum  wbo  io  tmly  woridng  bord  doy  In  And  doy  oot  And  may 
bo  foead  wf&  tbo  nooeoolty  of  trying  to  otom  an  intaaion  ottompt 
whole  ho  Buy  bo  eao^  oot  on  tbo  Ice  and  in  tbo  onow  joat  ao  oonw 
of  oor  men  wero  eao^  In  Siberia  after  tbo  flxit  Wbrid  War  and  ao 
flw  Germanov  the  Bnaojani^  and  tbo  Finno  wero  coogfat  Wo  actoany 
don’t  Imow  how  num  will  perform  in  eold  entironmonta  bocaoao  wo 
opcnd  too  nneh  of  oor  tfaM  in  aetting  op  a  oerioo  of  problema  and 
neter  inotiding  tbo  npportonity  to  get  an  answer.  Wo  aetoally  do 
not  take  tbo  information  that  we  hate  and  trasalato  it  into  tbo  kind 
of  infoimaUoB  tHdeh  we  need  to  aohre  this  baoie  problem. 

Hiow  long  can  yon  keep  a  man  out  in  tbo  cold  without  bis  incurring 
eertihi  degrees  of  froetbite  or  immorsion  foot?  How  long  can  bo  bo 
out  in  tbo  cold  before  a  state  of  bypotbennia  detelops?  Wbat  degree 
of  in^kiency  can  bo  tolerated  in  a  man?  Is  eiSdoiey  improted  by 
alteiing  the  tbmnal  protection  to  his  fingers  or  bis  feet  in  a  situation 
tdiieb  regdres  the  utnaoet  expenditure  of  energy?  Is  it  important  to 
know  whether  bis  feet  might  be  cooler  or  wanner  than  they  need  be? 
We  really  don't  know  these  answers. 

We  have  become  rather  complacent  about  the  development  of  oiur 
knowledge  of  Man  in  the  Cold — dry  cold,  wet  cold.  I  think  that  we 
have  now  attained  a  state  of  knowledge  where  we  are  beginning  to 
see  the  need  for  real  facts.  So  far  we  have  developed  vague  and 
nebolons  concepts.  The  Polar  region  is  one  that  is  never  going  to  be 
coopered  simply  Mr  moving  in  our  thermal  reactors,  utilizing  heat 
pumpo  and  ground  pumps,  or  easily  transporting  Kan  into  and  out 
of  tto  area  using  primal  low-speed  transportation  close  to  the 
ground  where  the  men  axe  never  actually  ezpo^  to  the  Cold. 

The  only  way  that  we  can  conquer  the  Arctic  regions  is  to  learn, 
again,  a  little  bit  from  the  past.  Although  I  have  never  been  an  ex« 
l^rer  myself,  I  think  that  sometimes  ex^rers  made  their  own  tasks 
much  more  dimcult  for  themselves  than  they  needed  to.  Yet,  I  think 
there  is  a  certain  amount  of  information  which  can  be  obtained  by 
repeating  some  of  the  episodes  explorers  went  through  in  order  to 
determine  by  physiological,  by  psychiatric,  and  by  psychological 
measurements  the  extent  to  which  these  men  were  placed  under 
stress.  If  this  stress  is  as  great  as  we  thought  or  if  it  ia  less  than  we 
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thoai^  tlim  fiulrb*  W9  ettn  ofiwto  iboM  taMng  prognma  that 
l»v«  bMii  tauAimad  wo  freqaantb''--^  tnining,  tho  htdoeMnatUm, 
wad  tbo  doftiopmwttt  of  M|^  terd  taoUwwAion  nd  coniidmea;  com- 
pttmea  io  tlw  jMccfMnr  taska, 

Wa  hava  no  baa<a  upon  wUeb  wa  as  malca  tbew  baantifnl  traJulnf 
inognuna  worif  baeam  oar  knowMga  of  trliaf  a  mas  naada  to  do 
and  how  ha  can  beat  fnnetion  in  tha  Arctic  atill  ia  in  ita  infancy, 
1  think  it  ia  tima  wa  grow  op.  It  ia  tfana  to  atari  thinking  aboot  cold 
’nrironniant^  not  from  tha  atambpoint  of  whathar  s  man  ia  ac' 
ckhnatad  to  tte  cold  or  not  acelimatad;  nor  odiethar  ha  haa  adaquata 
or  saw  tfpaa  of  garmanta  or  naw  fjpww  of  inaolatad  boota.  Wa  hara 
to  think  aboot  it  from  tL«  atandpoi^  hia  being  n  aodological  aa  well 
aa  a  phjaiologieal  inatnnnant  TUa  majr  baeoma  mocb  more  important 
fliaa  wa  raalixa  baeaoaa  if  it  ia  tzna  tii^  wa  win  ha  movfaif  tha  prob> 
lam  of  aax  into  tha  Polar  regional  than  wa  nuqr  haia  other  pvoUema 
wMeh  hava  to  do  with  aaceoaafhl  mahdananea  of  oar  Add  (rf  aopari^ 
oritf  in  ^  Afctie. 

Wa  are  &King  *  aarioaa  proUam;  namdljr^  that  tha  amoant  of  effort 
wa  ara  placing  apon  Polar  raaaareh,  both  in  terma  of  tha  individoal 
man  and  of  mm  aa  a  eolonjr,  ia  ao  ai^  that  wa  wfll  be  fax  bdiind  In 
tiw  race  for  oorvival  in  tfala  parfienlar  area.  I  hope^  If  there  la  anjr* 
thing  thia  conferenea  haa  doM  ia  to  bring  fortiii  the  foil  realization 
that  oar  knowledge  ia  inaafBdent  and  nmeh  more  work  haa  to  be  done. 


THEMSs  TBE  EXPAHJmO  UHUZATION  OF  THB  ABCHC 
Frjo/m  Wood,  vn$Uling 

Cbcinott  Wood:  tadiw  and  fenttemea,  before  w«  begin  th*  feelaiie«l 
pnrtkn  of  tho  mooting;  I  waai  to  toll  700  hoir  happf  1  am  to  bo  boro 
and  onlf  regret  that  a  eenlttet  of  geographleal  interesto  preventod 
mo  from  attonding  tho  ontiro  conforeneo.  1  am  ddi^itod  to  bo  bore 
fnr  two  leaoono;  tot  boeaaao  (rf  nqr  own  formor  aaooeiation  with  tlio 
Qnartmnasior,  and  aoeonu  boeauao  I  aoo  at  thia  mooting  tbo  happjr 
marriago  of  to  WUUrj  Command  and  to  woric  of  Tbo  Aretie 
totitato  of  North  Amor^ 

OnrtotapealceriUaaftemooniaamaawlioliaalodiWdexpodi- 
tiona  into  to  fkr  northern  leaehoo  of  to  Canadian  barren  land  and 
io  an  indnotrialiat  who  known  what  ho  io  talking  about  when  ho  in 
talking  about  reaotireeo.  Bo  ia  Vioo  Fkeoidont  of  to  Intomational 
mekd  Companjr  and  ia  alao  a  member  of  to  Board  of  Govemora  of 
Tbo  Aretie  Institote  of  North  America.  Mr.  Panl  Qnenean. 


UnUZATION  OF  THE  ARCnCS  NATURAL  RESOURCES 

Pam.  Qdsnxav 

Bitemational  Niekd  Companj  of  Canada,  Ltd. 

Now  Toric,  New  York 

This  stndjr  eoniinea  itself  to  an  examination  of  to  2,000,000  oquaro 
miles  of  to  northern  hemisphere  which  to  geographer  deflnea  aa 
to  terrestrial  Arctic,  a  regiwi  in  which  to  mean  temperatnxe  of  to 
wannest  month  is  bdow  60*F— In  effect  to  area  bring  north  of  to 
tieo  Hna.  Tho  lint  noeossitf  In  anjr  crjrstdline  disen^n  of  a  spedile 
geogrsidiie  area  is  dreonweription  of  its  boundaries;  otherwise  to 
sobjoct  becomea  dastie  and  to  conduafons  amoridioaa.  A  clear  plo* 
tare  of  to  speeillc  area  under  discussion  ia  vital  to  an  undentanding 
of  to  obsta^  which  most  bo  overcome  ia  to  otilixation  of  to 
Arctic’s  natural  resonrceo.  The  engineering  and  human  problema  there 
are  of  a  different  order  of  magnitude  tium  is  generally  true  of  to 
aub>Aretie.  Whether  in  Dawson  Creek  or  Matanuska,  in  Moi  Bans  or 
Skelleftehanin  such  problems  are  of  to  same  general  order  as  in 
Hibbing  or  Noranda.  The  same  is  not  true  in  Kong  Oscar’s  Fjord  or 
Lancaster  Sound. 

The  sparse  life  of  tho  Arctic  ia  dominated  by  to  long,  cold  winters ; 
to  summers  are  too  short  and  cool  to  permit  plant  growth  in  to 
barren  soil  other  than  a  scant  cover  of  grasses,  lichens,  mosses  and  a 
few  stunted  shrubs.  The  human,  fUr4)eairing.  and  other  native  animal 
population  of  to  land  is  of  low  density.  Significant  economic  activity 
baaed  on  agriculture  or  silviculture  is  impossible.  Insofar  aa  marine 
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Uxm»  an  toaeamad,  eomamekl  dahbig  la  aaaittnettfa  in  tb*  poorfjr 
pndueUn  wa/ban  oi  tha  AttUe  mua  auagt  adma  tlicjr  ndx  wHh 
utemor  waters  from  tbs  sontbr  aa  off  flit  Lofoteaa^  leolaad  aad 
aootbani  CnuSauL  Tbua  fSnr  inaii)r  jraais  bi  tUs  ramote  foetioii  of 
ffw  ilobo  ft  is  not  oa  land  or  a«a  that  maa  wfll  reap  anf  rleb  bamot 
It  fa  fbo  Arctfefa  great  noiwaiiowaUa  raaeoieea  fa  tba  bowda  of  fte 
ftoaoB  aartb  iriileb  will  be  faereaafaiiff  atf&od  dariag  tba  eoadag 
daeadaa.  Tbfa  |M9er  fa  ibaa  faofftaUjr  dofotod  to  tba  Bifaaral  fndoatrjr 
aad  too  rarfou  tectora  iddch  affoet  m^afafc  aiflHag,  aaioltfaf  aad 
taifaifaf  operstfoaa  fa  flia  fur  aortiL 

la  order  to  gat  a  batter  oadentaafiag  ef  tba  fatare,  we  shall 
Matty  rafiaw  tba  praawt  atstoa  of  mineral  raaoarca  derelopmeat 
fa  tha  iUetie.  Eaiunuathm  of  tba  ea  fating  ufaifag  i^eratloas  fa  tha 
Norfli  Aaierfeaa  Arttle  iwiofiaa  Iftda  etbit  fit  flw  Uaftod  States 
tiurs  fa  aporadie  placer  gold  afafag  fa  the  rfcar  ajateai  which  flowa 
fato  Eoteoboe  8o^  toom  tba  weeteni  Bkooka  Baagev  aad  coal  fa 
mined  oeraetonaHy  oa  Capa  Liaboma  aad  ob  tba  Mea^  River.  An 
aceaamlatkm  of  north  at  tba  Raaga  fa  tba  87,000  aqnara 
mila  Naval  FOtieleam  Beaarve  will  aone  dig  ba  bron^  into  pro- 
dnetioa.  Aa  eiploratkm'  program  condnclid  at  a  cost  of  160,000,000 
located  aeveral  promiaiag  stmetare^  the  richaat  of  which  la  bdtevad 
to  bo  tha  Uiniat  fidd  180  milas  aoothaaat  at  Point  Barrow  with  aa 
astfanated  70,000,000  barrels  of  recoverable  tesarvea.  A  nwdaet  nicki^ 
copper  depo^  ia  bdng  exploited  at  RanMa  hilet;  north  of  Chnrcbill 
OB  Hndaoa  Bag,  aad  ftcoBatitutaathaoalfadaeral  prodnetioa  in  tha 
Canadian  Aretle.  Important  qnaatitieB  of  patioleam  mag  ba  preaent 
bi  tha  aadimenta  of  ffia  Qaian  fniiabeUn  for  iBstaae%  Batbnrat 
telaad;  and  sobetaatial  tonaagea  of  Iron  ufaiwals  are  known  to  occor 
la  aen^  areas  iaclndiag  Baffin  lalaad.  La  (kasalaad  there  is  a  small 
ergolita  wifafag  operatkm  oa  tha  southwest  coast  at  Ivigtat  aad  a 
aa^  lead-sine  mtoing  operriioa  at  Muteewig  oa  tba  east  coast. 

For  reason  which  will  be  elaboretod  bdow,  the  miaoral  indnstrg  ia 
aotabig  more  active  ia  the  Aretie  of  the  Boitim  hemisphere.  Oa  the 
Barents  Sea  at  Kirknee,  where  the  Norwegiaa  coast  is  still  la- 
flaenced  bg  the  Golf  Stream,  there  is  a  mafor  iron  mining  enterprise 
which  has  oae  thousand  emidoyeea  aad  exports  a  million  tons  of  high 
grade  conceatrates  gearlg.  Svalbard  produces  a  considerable  amount 
of  coal  bg  a  Norwegiaa  effort  involving  one  thousand  persona. 
Presumablg  the  Soviets  are  also  obtaiai^  coal  there  ftom  eon- 
ceasiona  which  shelter  a  Russian  popolatfen  of  perhaps  2,600.  IIm 
Norwegiaa  mining  operations  are  at  Longgear  dtg  and  New 
Aalesuad,  aad  the  Soviet's  are  at  Bareatdnrg,  Gmmaat  Citg,  and 
^rramidea.  The  mining  eotahliahments  were  destroTsd  during  World 
War  II  but  have  since  been  recoastruetedL  and  po^war  Norwegian 
coal  productioa  has  been  running  at  abort  half  a  million  tons  per 
gear.  Also  on  the  Barents  Sea,  near  the  icedtee  port  of  Peteaaao  ia 
a  regioa  ceded  to  the  Soviets  bg  Finland,  there  are  Important  ntehel- 
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fapfiir  mining  tad  tatlting  ogtnikm  with  •  oielcil  ctitoat  mount- 
iv  to  pmOilf  80,0(W,(>00  potmdf  ymjf ,  liorinr  cMtunua  tomxd 
vral^tho  Poehora  Btain  it  a  nalor  pndueor  ^  U|li  quai^  ecMil 
ud^  oO  and  gat,  preoent  eoal  output  ngpanuOf  aggniddng 
20*000,000  tona  ymadf.  Tba  ebiat  ndning  eentar  it  Vorinta  wfto  a 
PpPuli^OB  of  at  laaat  60,000.  Tbo  SafeUuud  luffeo*  iutt  aaat  of  tbo 
unto,  fa  Rportorlto  a  pndnear  of  natunl  gaa.  Faatiiar  aaatarani 
tttr  the  mouth  of  too  Taniaaf  fa  Norflato  baltofed  to  he  the  main 
Bnaafaa  afekai  pfudueer  wftili  aa  ontoot  of  perbiva  60,000,000  peuada 

pearff,  and  nator  eoaeomftaat  copper,  cobalt  and  ^alfnnm  metato 
outout.  Orar  one  mOlkm  tona  jeai^  of  coal  and,  raportadto#  ofl  to 
podueed  fa  the  rfdaitp  of  thto  dtf  rrhieh  haa  ahont  lOfMMO  fa- 
haWtoi^  and  toJby  all  odda  the  laadfng  Aretfe  mfnfng  enter  fa  the 
aorM  Them  an  a  aunber  of  fbal  aonxcea  of  local  afgaffleaaee  eaat- 
aard  aloag  the  eoaat  each  aa  coal  at  Noidrflc;  near  too  dalta  of  the 

Laaa  aad  at  toe  month  of  the  Indfgfrfca.  Tin  and  gold  an  mfeed  fa 
aeattered  loealftiea  fa  the  eoaatal  monatafna  of  toe  Chnkotok^  Baage. 

A  gnat  aaetotanee  to  the  derdepuiant  of  the  Aiette  fa  toe  aaetera 
hemlaphen  to  toe  Golf  Stnam  aad  tte  pnaence  of  larfo  tima  whfeh 
noa  northward  fata  toe  Aictfe  Ocean,  tiielwHiwy  Pechora,  Oh^ 
Teaiaejr,  lena,  aad  XiolTna,  the  middle  tone  of  iHdeh  are  amoaiT 
the  loaceat  fa  toe  wortd.  Theao  rhera  conatftute  cxtnraato  nlnahto 

tnaaportatfoa  Baha  between  toe  eoaat  aad  popototfoa  and 

aupplp  ceateca  afnee  toe  IhaaOi^ibertoa  Bafiroad  exoeoea  the  upper 
leachea  of  the  Ob  aad  Tentoep  aad  to  doee  to  toe  head  wataro  of  the 
Lena.  The  onhr  comparable  Borth4lowiiic  river  in  the  Weat  to  the 
Kachenaifc  Another  advantage  fa  the  Eaat  fa  that  ice  iaterfereace  to 
aununer  ahipping  abag  toe  Aietle  eoaat  to  mnto  leaa  than  fa  the 
atraita  of  the  Arehipdago. 

Coaaideiathm  of  toe  above  mlHiiig  operatfoaa  inunedlatelp  fm- 
>***”  ?****  •  *“ton  which  thej  poeeeea  la  common  aad  without 

eieeptlon,  that  la,  loeatioa  on  tidewater  or  navigahto  river  or  abort 
Ailwijr  conMcUoii  thmto*  This  locstfcm  is  no  sctkfesit  briags  us 
to  t^  main  obetacle  which  moat  be  overcome  bp  induatrj  in  the 
Arctic,  nameljr,  toe  hi^  eoet  of  logistfce.  The  movement  of 
aad  personnel  to  aad  tnm  the  isolated  Arctie  mining  operation 
mnatittttea  an  increment  to  the  expense  of  production  which 
it  at  a  distinct  disadvantage  in  competition  idth  mineral  exploitatioa 
la  awre  rsadilp  acceasihle  regions  to  the  south.  This  expense  la  the 
great  and  att-pervasive  deterrent  to  development  of  mineral  reeourceo 
la  the  far  nort^  It  ranltipUea  the  coat  of  initial  exploratioa,  of 
plant  and  townslte  constructioa  and  operation,  of  ntillti«  aad  In- 
ventorp  maintenance,  of  labor,  and,  inevitahlp,  of  the  delivered 
product 


Tte  dasrte  method  of  beavp  transport  bp  water  ta  ship  or  barge  la 
much  the  cheapest  when  poesihle*  followed  at  present  hp  rail,  nad, 
eroaa>«ountrp  tractor  train,  and  fixed-wing  lUreraft.  Some  concept 
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/  ite  ftmiefal  bardtn  Ixtrohfd  i»  fnilfnirf  by  tb»  nt»  of  pOOM 
ptg  ton  ior  eooftol  DEW  lino  oof/iy  from  UootnoL  Bulk 
fni^  may  mofo  of  tn  eaata  or  Im  pm  ton  mOa  by  ndH  aa  eom- 

pirad  to  flbcnt  ton  eonto  por  ton  mito  by  ml  Gooorsl  onfo  ntof  moTO 

tmm  vomtry  by  tractor  train  or  lfac«d>«tof  aircraft  at  toctf  onto 
to  a  deOar  par  ton  nrfl^  coat  and  ebdetof  aoeb  tranapoct  baiiif 
lafsdifoontRdlad  by  loeidion  and  nature  aftbotarratoind  tjpa  ot 
aircraft  omptoyabla.  Tba  admaa  afliwt  af  logiatka  on  aeoaomy  la 
gfaie*  bosvy»  ratoar  tbaa  Ugbl  fadnatiy  to  torotowL  Tho 
oeat  of  ndno  pradoet  ddpmant  alono  amaarily  aaeaad  ito  narfcat 
raloo. 

•  AnothardUHenlty  mflWatfnf  againat  Aidieoparattona  toono  which 

totfit  ba  tarmad  ^  *1mt  boHuar  to  ftoto^  aanaau  Biariy  tor 
— prepobton  or  aadoQmmSe  praam  mriton  to  with  tow 
eoatiy  atoca  It  oanalbr  nmat  ha  lanaratod  beaOty  on  a 
anudl  aeato  with  aipaaalfa  toaafl  toaL  to  adlWon^  tha  ao?aa  dinato 
naeaaaitotoa  larga  eapauJltum  tor  diraet  haathig  purpoaaa.  Tha 
admaa  haat  batoaea  can  aneunt  to  a  eonp^itifa  panaMy  ofaamal 
dollarB  par  ton  mfnad.  Hydro  rtofrfe  penar  patonttol  to  Uaitod  ba> 
ouiaa  Ito  traanniaalott  to  eapanaira  and  Boatan  arator  flow,  ica^  and 
parmafraat  are  eeasSeatSss  factora.  Tha  vfad  to  an  toashaniAibla 
aopply  aaergy  eddeh  reqnlm  no  tmifnrtaHon,  but  tta  tocea 
wlddy  and  aecnmalation  of  larfi  capacity  to  unaeopomfc. 
Solar  auargy,  altboagh.  of  great  magnitada  to  aatnanaly  eattobla  to 
daUmx  and  ito  dauity  per  unit  area  to  Im  ao  that  large  comity 
leqnlrea  imdna  Infeatnmt  to  coBedang  aarfieak 

Omnipreaenft  permafroat;  tba  warn  in  thegwond  peranaiaPy  balew 
fteeiing  point;  la  troablaaoma  to  tha  oonatradton  of  baildtogi^  ottUtlea, 
andwaatodtopoaaLCoatiypeaaureaatafteimtlyBacmarytoatold 
dtotnrbtog  tha  thennal  regfana  with  raaohiv  aetttomaBt  caaaed  by 
adttog  of  ice  to  eoioaia  erraainng  tha  teH  coataat  of  tha  thawed, 
conaoUdatad  aofl.  Larga  qnanttttoa  of  grami  ^toa  hard  to  obtain, 
are  oaaential  for  aarfadng  and  foondattoaa.  Fermafroat  doea  not 
toterferaaerfaqaiy  wHhqBdergBwndntotogaadiabaaicany  anald  to 
road  eonatmetfon.  Ebwerer,  Ito  new  feet  of  aettoa  top  layw  and  the 
poor  drainage  can  areata  riirtnalbr  impaaetoto  eonditim  for  rahidea 
daring  tha  aommer  montha. 

Laat  bat  not  leaat  of  the  innate  impedieMato  of  tha  enTironment 
la  tha  problem  of  manpower.  Tha  widely  acattered  drenmpolar 
aborigind  popuIatloB,  tododtog  Ealrimoa;  Lappa,  Samoyeda,  and 
Chukdiia,  totala  only  100,000.  Thna  any  nejor  mining  enteipriaa 
tequirea  importatioa  of  labor  onaccttatomai  to  tha  rlforooa  liring 
eonditiona  and  reluctant  to  aettla  to  tha  area  It  to  not  only  tha  wind¬ 
mill  and  tha  lack  of  orban  amenitiae  wUdi  tba  immigrant  ilnda 
repallent  The  long  perioda  to  which  the  ana  deaaat  rlaa  or  to  hidden 
by  fog  or  low  overcast  and  the  paudty  of  fauna  and  flora  exert  a 
depraming  effect  leading  to  discontent  This  is  a  problem  which  doea 
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m€  kad  HttU  to  uty  wmdy  fohitioii.  Cbmpolifoa  em  bt  mplojfwd  §g 
to  tbt  SofiH  •.g^  tlM  pmil  eoloniM  tor  OMfol  UqgklatUm  of 

poUtkai  prtom»r$  wbkb  ptorad  to  piwnlant « lolo  1b  ilw  •■taUlsb' 
a»nt  of  Vorkato  «ad  Norllak  or  tho  foreod  tna^ioatlag  of  aotkmal 
fsmipo  to  Slborio.  Howanr,  ovm  b  poUtieal  tfitom  buod  on  Billt- 
tey  aodal  diadpHao  oad  proffigrti  eonsoiBptioB  of 'luanaa  Buitcrial'* 
bM  pfOftB  iBMfequto  to  tho  taaL  Comntljr  apeebd  Ifaunieial  rowBxdo 
Bad  raeatim  prMJatm  axa  oftnad  to  iadoeo  ndmtarjr  adgsatioB  of 
labor  to  tbo  far  aoitii,  ao  practioad  ia  tiio  Waat 

Whaa  an  raqof>9d  aspaaditana  ara  totaled^  ndm  eiqdtal  fafapt* 
BMat  aad  opanthig  eoata  fa  tho  Axetie  can  pnto  dodUa  or  aiori 
tbaa  thoaa  la  laaa  remota  aad  banh  cKmaa.  Tbo  reader  aaqr  aow  bata 
eoadoded  that  tbo  growth  proapeeta  of  b  ratknal  adaiv  iadoatiy 
there  fa  tiie  foreaeeable  fotare  are  cold  ladeed.  TUa  ceaduahw  b 
aot  aeeeaaaribr  tba  eaaa  beeaoae  world  popolatioa  peaaema  aad  tba 
Mlaorfe  pregreea  of  adeaea  aad  aagineerlag  caa  pcoflda  090* 
bllftiea  wUdi  aot  leaf  ago  would  hava  beea  eoaaidered  cbhneraa. 

lUa  dlaeaaekii  Bvoida  fUibta  of  faa^  aneh  aa  the  recent  pobUdaed 
acheme  for  danmrfng  the  Bering  Strait  which  would  owre  Ufcelf  end 
in  diaastar  than  trion^  It  alao  ondta  caiafollf  eonddered  bat  com¬ 
plex  projeeta  on  ^  order  of  the  propoeed  port«reating  aadoar 
Naete  oa  the  aortbweet  coaat  of  Aluba.  Howavar,  tremeadooa  ad- 
aaaoai  bare  been  made  adiieh  are  traaaforming  ^  preeent  bleak 
aftaatkm  ia  reepect  to  logiatiei^beat  balance,  aad  Urinf  coaditiona  in 
dia  Arctie.  How  aooa  the  new  potential  wffl  became  draamie  <ni  a 
large  acale  dependa  in  good  awaanre  oa  the  wiad  of  change  btowiag  in 
hade  cJoeer  to  the  Egnator.  The  aapranationaJt  faamntable  law  of 
relathre  cnetgy  inpot  per  unit  of  ooti^  which  made  tbo  Car  of  old 
baild  the  epic  Tnaa-Siberiaa  Bailr^  in  the  aoath  baa  made  the 
Char  of  today  eoaeentrato  beerjr  indnetrx  ia  the  imperial 
marrhee.  Since  the  Rnaeiana  poeeeee  n»re  natsral  reeooroa  than  aajr 
other  nation  on  earth,  aad  the  balk  of  theee  are  aoath  of  the  tree  line, 
there  la  today  limited  economic  IneentiTa  for  etrong  ladnatrial  de- 
Tdopment  in  Arctic  Siberia.  If  the  Atlantic  Commonitp  baa  adequate 
oeccee  to  minerala  from  areaa  to  the  aouth  on  the  bo^  of  fair  and 
mutoallj  profitable  exchange,  then  Intenalve  Arctic  mlne^  develop¬ 
ment  will  be  relegated  to  another  generation.  The  engineer  knowa 
that,  if  political  eirenmatancea  pe^t,  the  enormoua  reeenreo  of 
Btlneral  wealth  lying  between  the  Tropica  of  Cancar  and  Ce>rlcom 
can  economically  domiaato  thoee  lying  north  of  the  Arctic  Circle. 
It  moat  nevertheleBa  be  understood  that  inan'e  ability  to  ta^a  reward¬ 
ing  industrial  action  in  the  far  north  will  In  ten  yean  be  very 
different  than  it  la  today. 

The  cost  of  trancport  by  air  freighter  is  inverse  to  the  lift  capacity 
and  efhJency  of  the  vehicle,  and  here  the  Jet  engine  fa  one  of  the 
Arctic’s  beet  friends.  A  projected  Lockheed  turbofan  Jet  cargo  idane 
will  nMve  40  tons  of  payload  2600  miles  at  600  knots  for  lees  than 
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20  emtf  par  ton  mile  in  Axttie  Mnrfet.  V8T0L  tfmsft  (ir«ftfeal 
fhortttloMifMdUuiding)  wlll<pcnnitMrial  track  and  bwdrlmi  to 
tokc  off  and  land  rartiei^  /at  trard  hortomtalljr  with  Ibud^wing 
almaft  apeed  and  ranga^  allowing  largo  saaingi  In  gvoaad  faeffltlaa. 
Than  la  dao  pramlaa  la  tha  hmnrenit,  a  ground  affect  taUcIa  which 
ridaa  a  crahlon  of  air  aaparating  the  craft  from  land  or  water  a  few 
fiat  below  (or  loaghljr  1/10  Tihicla  dlamatar).  It  nuqr  in  duo 
coona  pliqr  a  role  in  freeing  light  tranaport  from  direct  contact  with 
the  aatth  whan,  aa  in  tha  Arc^  long  dlatancea  mag  be  traveled  over 
naaonably  flat  topographj.  Mncb  improved  balk  cargo  uuaa  counti/ 
loeomottm,  each  aa  bjr  haga  ampUbioaa  tnckJajring  vdiiclea  d^ 
aignad  fir  tondra  and  rock  daeart  ooa^  ia  alreadjr  witoin  oar  graop. 
Tha  blwi  water  monopohr  axerdaad  bg  the  ice  canopg  in  tha  Hl£b 
Aielie  boa  now  bean  broken  bjr  the  aabmarina^  ao  t^  traditional 
heavp  trangport  bjr  water  will  in  time  aharpljr  aztand  ita  domain. 

TIm  advent  of  nnclaar  energy  haa  matamorphoeed  tha  hoot  balann 
problem  in  tha  Aretle  bajond  recognition.  Within  a  decade  it  wfll  be 
for  a  maior  Azetie  operation  to  gaiMrata  ateam  and  alaetrie 
power  at  eoeta  ahnilar  to  then  common  in  many  indoatrial  nationa 
of  tte  temperate  zona.  Removal  of  tha  heat  balance  handicap  can  in 
torn  lead,  in  tha  eaaa  of  a  namber  of  e!amenta  at  leaat,  to  dimlnatfam 
^  tha  Ukh  coat  of  moving  large  tonnagea  of  rdativdy  low-grade  mine 
prodoet  to  maricet.  For  instance^  raw  on  or  concentrate  ooold  be 
aabjactad  locally  to  a  cholca  of  pyrometallnrgical,  hydrometannrgieal, 
or  vapometalla^eal  techniqneo  and  thereby  allow  export  of  pra^cn- 
bla  tonnagea  of  hiidi-grada  metaL 

laaofar  aa  <iaeationa  of  permafnet  and  penonnd  an  concerned.  It 
la  now  poaaibla  to  conduct  opentiona  nndergnand  and,  in  the  An^c 
at  laoat,  at  lower  coat  and  with  greater  eaaa  than  on  the  lorfaca. 
AiiN«ottditionlng,  taleviaion,  aashlampe,  hydnponica  aDow  man  to 
bo^  vaat,  modern  aabearfaea  iglooa  In  rock  almoot  independent  of 
tlM  world  above.  The  wind  and  anow,  chilling,  sporadically  demcmic, 
bailding  oonereto-Uko  drifts  and  lifting  throagh  nook  and  cranny, 
can  be  ignored.  Selection  of  employees,  good  food  and  private  living 
acconunodationa,  generous  public  recreation  facilities  and  adequate 
vacationa  will  minimiia  the  manpower  problem. 

It  ia  Interesting  to  note  that  it  is  the  sword  which  is  cutting  down 
the  barriers  to  peaceful  pursuits  all  around  the  polar  Mediterranean. 
Following  in  the  paths  of  the  Anglo-American  military  explorers  of 
yesteryear  who  Journeyed  into  the  white  solitudes  until  Um  I^le  was 
attained.  North  American  defense  forces  are  creating  new  and 
favorable  circumstances  for  man  living  in  the  Arctic.  The  list  of 
these  military  contributions  is  long  and  impressive:  the  long-range 
Jet  plane  and  heavy  duty  helicopter,  the  submarine,  the  Icebr^er, 
special  track-laying  vehides,  Alaska  Railroad,  Alcan  and  otlwr  high* 
ways,  the  DEW  Line  and  White  A2<ce,  Thule,  communications  net¬ 
work^  meteorological  stations,  navigation  aids,  airflelda,  harbors, 
POL,  water  and  sanitation  facilitlse,  nuclear  power  plants,  perma- 
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feart  mnagwnwrt  tad  at  of  boow  and  k$  u  mtftrlth  ci  eonitrac* 
tloB,  iiMdleal  «dittiic«a^  and  Impiwnunto  fa  odd  ymXtmt  elothlnf* 

Uett  iMT  aorthtm  UJSJS.R.  !•  MsMdn  to  fSonffans^  bat 
tbon  is  no  doubt  ss  to  tbs  ootstaading  record  of  aeUtvsnsat  tbsrs. 
b  war  and  peaes  tbs  Boaefans^  inm  tbs  Cosasdr  eonqnsrora  of 
flfbsria  to  Iran  Papanfn  and  bfaeowotfcsrsy  bars  long  and  soeesaafally 
stmg^sd  with  tbsfr  eold  wcatbsr  suyfronnicnt  Tbs  mnaricabis 
sfforta  expended  along  tbs  Nortbemi  Sea  Boats  bars  ahmyB  bad  a 
ndlitasy  parposev  qoito  asfds  from  piotfsioa  of  reUaUs  dsepwater 
transport  for  econoinfe  derelopnient.  Tbs  blstorj  of  Boabdeatyenakl's 
saeoaiter  with  Togo  might  bars  been  different  if  bis  roots  bad  been 
leas  tbaa  balf  as  long:  via  tbs  Tajmyr  Peninsala  ratber  than  tbs 
Caps  of  Good  Hops.  Ironleallj,  tbs  first  wareUp  to  eonqdsts  tbs 
Nortbeast  Paasags  in  ons  navigating  season  was  tbs  German  raider 
^TComstf*  daring  tiis  Bttler-Stalin  Alllanea.  Tbs  fcodtos  port  of 
Mannanak  and  tbs  Psehora  foaMrida  wars  Hnlrad  to  tbs  intsrior  bf 
raiboads  boilt  in  World  War  I  and  World  War  respsetivdjr.  Sines 
tbn  an  fa****"—  inrestment  baa  bsen  mads  along  tiw  entire  littoral 
to  aid  and  contTirf  sea-air  traflle  and  to  estabUeh  an  Axetie  air-tbsster; 
topUsd  bgr  tbs  atomic  icebreaker  Lain,  bnndreda  of  air  strips  and 
rai^  posts,  weatber  and  sea  ice  forecast  itstions,  and  geophjsical 
obaenratorlea. 

It  win  bs  remembered  that  tbs  saperb  roads  built  for  tbs  Boman 
legiona  becanw  peacefttl  avenaes  of  commerce  for  centuries  end  tbs 
same  wfll  eventuda  at  tbs  top  of  tbs  world.  Speetacniar  aebievonent 
in  tbs  atilixatioa  of  tbs  Aretie's  natural  resources  wfll  not  bs  ao> 
eompllabed  in  tbs  polar  snmmer4ong  day.  Tbs  giant  efforta  involved 
can  only  bs  on  a  national  scales  as  exempUfled  by  tbs  intimate  aaaoda- 
tion  between  private  enterprise  and  public  Interest  wbkb  is  reaponai- 
bis  for  tbis  eontinenPa  magnificent  telepbcns  aystenC  Tbs  desti^  of 
tboas  countries  with  borixons  in  tbs  big  shy  of  tbs  laiitadM  la 
tied  to  tbs  steadfast  North  Star,  and  it  most  be  tbsir  guide. 

CxAiaiCAN  Wood:  OwaeitfpwkarBdriMvaOtecalM'Vr.  AictiiCSM«nplMc**. 
H«  is  Dr.  IVsTor  Uord,  Proftwor  cf  Gtognyhr  st  MdjUn  UsImiHr.  Uojrd, 
SM  ai  Om  most  itiitingnitlisii  szpoasnts  of  tbs  MS  ot  gsoetsyby.  io  ••  w*0  rtr^ 
la  probkaM  of  tho  A:^e  that  thoro  Is  s  nbjoct  bo  esaV  taka  orsr.  Ho  Is 
bsrttlly  a  besuu)  fooerspbor  ia  tbs  roiy  brosJost  s«ss^  sag  bis  topie  Is 
"Homaa  SoeMy  la  tbs  Antk  Today*.  Or.  Uojd. 
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We  have  listened  during  this  Conference  to  a  well-merited  Juetifi- 
cation  of  tho  importance  of  reeeerch  in  utilisation  of  the  Arctic.  We 
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lunr*  ii§nM$d  tte  tittle  mnintmuA  nitb  fto  uMU  mi  itM  Sm^ 
•drifitNMii^  tnd  hete  flteH  bow  mail  miqr  Iw  provided  wftii  exteriMl 
tad  iatenwl  vnUetkn  agabut  Ha  btnlwr  dmmtf  tinvofii  ate  of 
the  tight  thMag,  abtH/n  aad  diet  We  laive  leaned  maetUaf  of 
the  peftoatl  proMwne  fheed  bgr  mea  mridog  hi  leolatlos  taider  tm- 
UmOiar  tittle  eoaditiotta,  and  hare  retlfxed  that  todtf^  evea  the 
eada  of  tiw  earth  an  not  byroad  the  loaf  itaeb  of  the  dtefeal  ^licad 
ahrlaken.^ 

It  baa  coma  to  bo  the  traditloBal  tiewpofat  of  the  pobUe  at  larfo 
that  to  eeven  la  the  arttle  eaffnanaeBt  eo  naiote  aad  aafnniliar  la 
it  from  Oe  eB^erleace  of  oidinarp  aiaa,  that  we  eaa  eoarider  our- 
aeftee  little  be^  thaa  traaeleBti  thenu  Soeh  limited  axparlanea  aa 
I  hate  had  of  beeea  ia  the  aorth  aeeaie  to  mqnpmt  thie;  if  0^  beeanee 
of  the  nritf  ifaidhif  a  fkadUrr  flee  at  tte  dob  bar  whea  retaraiaf 
after  aa  ahaeaee  of  a  jcar  or  Bdoie.  So  it  it  eaeoaraciBff  to  leara  at 
thia  Coafaitaea  that  thia  rlaw  ia  appatauOjr  **»•*’  then 

ia  ofta  teSc  <rf  ^eoaqoeriaf  the  Aretie.’*  (te  "bbeBta  Fntuxe  Coa> 
qpeat  of  tte  Axd&tf*  oa  page  116).  Gim  tfaae  and  eoathmed  adea- 
thk*  dfort  we  maj  am  fcara  to  eqoal  ia  adaptabOHj  and  tnadtj 
MHMv  adauti:^  gifted  aad  dogged  llorthaae^^  the  Hbw!> 

ever,  aalme  we  euneader,  permanentiy  aad  aooa,  the  view  titet  then 
la  aoma  quite  fondamimtal  diflineiue  betweea  the  Arctie  aad  aieaa 
futfaer  aoetlv  we  ahaO  aot  oobniza  any  appredabta  part  of  it  ia  the 
lifetiine  of  ttioee  here  today— aad  oar  daecndaiita  aiay  wateh  The 
Northward  Cooiae  of  Empire**,  ia  Aaia,  apflling  over  tim  to 
baeoiae  a  aouthward  <me  ia  North  Aoiarieal 

The  teak  givea  me  ia  to  review  the  general  diatribotioa  of  honuui 
eattloBMnt  la  the  Aretk^  aad  to  offer  appropriate  and  evea  provoeative 
eonnacate  oa  it  I  ahaO  reaiat  the  temptetira  natoral  to  a  geographer, 
to  offer  yoa  a  mena  of  mape,  complete  with  gnat  circle  coaraee  aad 
tnnumeiidde  iaopletha  depicting  hamaa,  eaviromnental  or  atrategk 
faetora.  However,  it  may  be  oaefol  to  dteenaa  briefly  aoma  of  the 
tenaa  to  be  employed— at  leaat  thoee  naed  ia  the  title. 

The  title  la  Bumam  Socittp  m  tha  Arctie  Today.  Thia  aaggeata.  aa 
it  ii  intended  to^  man  living  in  orgaaixed  conunaaitiee.  The  predae 
kind  of  man  aeama  to  me  to  be  immaterial — ^whether  one  thinka  in 
terma  of  aatioaa  or  racea.  I  am  not  one  of  thoae  who  argnea  that 
native  peoplea  ahould  be  encouraged— evea  compelled— to  nteln 
their  oldtim  laaguagea,  cuatoma,  cootumea  or  activitiea.  One  rar.ely 
bean  thia  deain  claimed  by  the  nativea  themaelvee.  To  me  it  antaeka 
too  much  of  what  a  Daaiah  friend  ealla  The  Zoological  Garden 
philoaphy**— with  ounehrce  on  the  outaide.  looking  in.  If  applied  to 
Bw.  for  example,  the  role  would  require  that  I  addreaa  you  in  the 
language  of  my  fathera,  Welsh — a  patent  absurdity.  A  young  Ruulan 
geographer  friend  of  mine  has  a  Tungus  mother  and  ia  proud  of  it, 
tet  he  writea  hia  acientlfle  papers,  also  with  pride,  in  Russian  from 
Moscow  and  not  In  a  Siberian  dialect  from  the  banka  of  the  Stony 
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Tnnguilai,  Jtut  m  w«  ptnnii— «irtii  t»it— fooilMnMff  to  go  to  ite 
Antk  to  ?ioft  or  dwtll,  1  rny  maeb  hopo  tliot  wo  f boll  bo  no  lea 
oneonrogbig  wbon  EtUmoo  wlib  to  fottlo  fa  tbo  footb,  and  if  nood 
bo  oro  twaOowod  op  in  tbo  provorblol  indKing  pot 
Tbo  **Axetief*  in  mjr  tftlo  ia»  for  tbo  preooiit  porpooov  not  to  bo 
bitorprotod  litondlf— or  cBmotkony,  It  io  mtnfy  that  arts  of  tbo 
world  nmoto  from  snrfaeo  tranoportation  and  Urgo  aottlomento  and 
wKb  •  partienlarfy  briof  and  inadoqoato  amamor, 

Tbo  torm  **tod*f*  ia  intondod  mtnfy  to  otroao  tbo  preaent  aa  oon> 
traotod  with  tbo  peat— 4ntorcoting  and  important  ttoogb  that  bo.  It 
la  alao  to  bo  fboagjxt  of  ao  faidadfng  tbo  todaya  that  fytlow  thda  oc^— 
00  comptohondfng  alao  tbo  not  too  diatant  fbtoiok 
On  eonaidorinc  tbo  many  eommnnitioa  that  an  aeattond  aioond 
tbo  north  priar  lofiona^  it  oeenmd  to  mo  that  wo  can  now— ao  noTor 
bofem— dhrido  Gam  into  two  main  catoforioa.  Won  it  pooaiblo  to 
plot  boOi  of  them  on  a  map^  tho  eon^ariaon  botwoon  tho  two  gioopo 
woold  bo  inatroctln,  paitknlariy  to  a  foogn^ber.  Unfortimately, 
only  ono  part  of  tbo  pktan  can  at  pnoant  br<  rmalod.  two 
catogorica  an:  (1)  military  aotUementa;  (2)  drillaa  aettlementa. 
Somithliig  of  tbo  extraordinary  world  in  wl^  wo  lln  la  demon- 
atratad  by  the  fact  that  wo  eaa  in  any  good  bbnry  look  up  a  map  of 
tbo  dlatrfbotfon  of  military  eampo  and  aettkmenta  to  Boman  Gaol 
of  2;000  yoan  ago— bat  not  of  tha  aretie  reglona  today. 

Of  tbo  loeation«  aixo  and  morphology  of  Gw  military  aettlemesta 
1  pai*r*'^^  know  nait  to  nothing;  ao  moat  lean  it  to  aome  totun 
hief  irtbaedogiat  to  dot  tbo  map  I  cannot  Sniflco  to  aay 

that  y  aettlementa  to  the  Aretie  an  wideopread,  aomo  of  them 
an  la.  t  jmd  many  ban  afl  the  attdbateo  of  modern  towna,  if  wit^ 
a  natrlctad  oompaaa.  It  ia  anderatood  that  moot  of  the  probtoma  of 
carrying  on  daily  life  at  ban  been  adnd,  to  tbo  acnao  that  the 
knoT/iedge  oxiata  with  which  to  aohro  them,  and  that  aay  local 
orideneo  to  the  eontrary  each  aa  finoien  eara,  Inadoqaato  water  anpply, 
toactin  aowerj,  faflan  of  the  regular  mail  to  arrin  er  inclement 
weather,  ia  doe  to  local  ineompeteare,  or  nawillingnesa  to  read  the 
toatroctfoca  and  apply  them  aa  order^. 

Some  of  the  remarkably  extenain  knowledge  of  how  to  operate 
complex  communitiea  in  the  Arctic — and  the  U.  S.  Army  Quarter- 
maater  Corpa  rightly  receives  a  large  ahan  of  credit  for  this— does 
permeate  through  to  the  civilian  community,  if  only  the  agency  of 
surplus  disposal  stores  and  the  skills  acquired  by  defence  contractors. 
However,  toe  direct  benefits  to  society  as  a  whole  an  far  fewer  ttom 
they  should  be.  A  simple  example  will  illustrate  this  point 
At  Scheiferville,  Quebec,  about  900  miles  north  of  Boston,  is  an 
open-pit  iron  mine  that  probably  holds  a  record  for  the  severity  of 
its  winter  cold.  Open  air  operations  continue  thnughout  the  year. 
Then  is  appanntly  a  turnover  of  skilled  personnel  because  of  the 
seven  conditions  outdoon  in  midwinter.  The  mine  management  has 
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PfOir«d  to  fw  ZMOorMfol  In  dealfnf  with  tBglnMrfnflr  pnUnnf  do* 
to  tlw  cold— mdud  booms  on  slaetrie  shovels  «r»  now  nvoidsd  by 
intsodoeinff  btttUug  slsnisnis;  fnexhiff  of  rocks  and  ore  to  tfao  insido 
of  tho  EaeUd  tracks  Is  obvistsd  by  psssinf  tho  exhsost  gases  throat 
their  hollow  sides.  Bat  when  tho  foremen  complain  of  cold  feet  and 
ftosen  limbs--thst  is  their  own  private  troable,  K  tho  winter  clothing 
sold  at  the  local  store  is  inadeqnato,  ther  alone  moat  take  the  chJIljr 
eonaeqoenees.  I  fbond,  when  en^piiring  there  last  year,  not » trace 
faifhience  from  the  long  and  on  the  whole  socccesfol  research  pro> 
grammes  of  the  Qaartmmaater  Corps  in  precisdy  this  realm. 

Ihe  feet  of  •  mine  foreman  are  his  own  personal  basineaa— the 
feet  of  n  soldier  on  gnard  doty  are  a  matter  of  grave  poUle  r*- 
sponsibilitol  ^  moeh  for  the  example. 

UnfortmuMy,  for  tfw  present,  the  stody  of  homaa  aodety  in 
Aretfe  moat  exdode  the  most  widespread,  teehnoIogfcaQy  advanced 
and  doabtleea  most  costly  pvoap  of  cornmnnities  there  and  deal  only 
with  vHiat  remalna,  the  groops  of  dviliana. 

What  is  the  natue  and  extent  of  these? 

Some  of  the  wwrest,  the  smallest  and  often  the  most  Isolated  are 
bases  designed  for  adentiile  research.  They  range  from  groups  occapy- 
ing  floating  pieces  of  ice,  throagh  isolated  weather-reporting  stations 
to  more  comprehensive  and  permanent  sdentifle  commonitiea  where 
several  disciplines  are  more  fully  represented.  Such  sdentille  stations 
have  in  some  eases  become  recoipiixed  centres  for  long-term  research, 
aach  as  those  at  Point  Barrow,  Resolute  Bay,  Godhavn,  and  at  a  num¬ 
ber  of  places  in  the  Soviet  Union.  They  pt^de  possibly  a  prototype 
for  othtf  simLar  commonitiea,  to  come  when  the  sdentista  and  tte 
fhnds  are  more  generally  availahle.  Supervision  over  the  programmes 
of  each  stations  is  an  appropriate  activity  for  nniversitiea  and  bodies 
such  as  the  Arctic  Inatitate. 

A  sharp  distinction  cannot  be  dnwn  between  such  stations  and 
still  larger,  multi-purpose  communities  which  may  have  scientific 
fOnctions  of  an  incidental  character,  as  for  example  when  the 
purpose  of  the  settlement  may  be  commercial,  administrative  or 
related  to  long  distance  aviation.  Such  places  may  include  a  variety 
of  scientific  functions  aa  is  the  case  at  Yakutsk,  U3.SJt.;  Tronu, 
Norway;  Godthab,  Greenland;  or  College,  Alaska. 

The  growth  In  the  number  of  permanent  scientific  centres  in  arctic 
North  America  In  recent  yean  has  been  commendaUe.  Camula  had 
none  at  all  even  fifteen  years  ago,  while  the  famous  station  at  God¬ 
havn,  Greenland  was  a  lonely  pioneer  for  almost  forty  years  after 
the  turn  of  the  century. 

Mining  provides  a  Justification  for  now  communities,  frequently  in 
isolated  spots.  A  few  have  been  founded  within  the  past  decade,  su^ 
as  Rankin  Inlet  on  the  west  coast  of  Hudson  Bay,  Mestera  Vig  on  the 
east  coast  of  Greenland  near  Scoresby  Sund  and,  somewhat  farther 
south  though  still  in  a  severe  climate,  SchefTerviUe,  Quebec.  A  new 
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town  tlut  h$M  grown  up  on  tho  uheo  of  on  oJdor  on#  nuijr  mUo  bo 
nwntionad— Kirkenco  fn  aortfceni  iforwBjr,  o  few  mile*  from  th* 
Soriet  border^  The  UJSJ9,B.  le  rtprtaeaUd  bjr  *  number  of  roUttivefy 
now  mining  towns.  One  within  irigbt  of  Klricenee  Is  Nlkker,  while 
other  mining  centre*  here  derelopd  si  Klrorsk  end  Monchegorsk  In 
the  same  general  are*.  In  fact  the  whole  Hnrmansk  region  1*  highly 
nrlMmlzed  with  84  pot  cent  of  the  population  living  In  cities. 

Farther  east  are  other  Arctic  mining  dtiea  such  as  Vorkuta  bnsed 
on  coal  and  Ukhta  on  oOf  and  In  Sibnia  the  farthest  north  mining 
city  of  the  U.S.3.B.,  Ko^l^  In  69*  N.  latltade  prododng  nicked 
idatlntim,  copper,  coa^  cobahv  gold  and  smelting  m^  of  th^  This 
dty  has  grown  to  abont  110,009  penona  since  1940.  Still  farther 
eart  are  centre*  of  gold  and  dlanwnd  mining,  which  thona^  more 
aootheriy  are  still  In  regions  of  seme  climates. 

It  may  be  added  in  parenthesis  that  I  have  dlsctuaed  at  some 
length  with  Soviet  specialists  the  factors  which  determine  the  ex- 
idoitation  of  mineral  and  other  resoarees  in  the  Soviet  Arctic,  and 
concinde  that  there  is  in  practice  little  to  distingmsh  between  those  at 
WDik  in  the  t7.S.S3.  and  those  in  North  America.  Capital  is,  it  seems, 
not  expended  on  econonde  development  of  the  Soviet  far  north 
there  is  reasonable  prospect  of  obtaining  prodncta  at  a  competitive 
price.  There^  as  elsewhere  in  the  world,  wheth  er  in  the  Arctic  or  in 
the  Sahara,  cMnmonitiea  will  be  built  as  a  base  for  exploiting 
minerals.  If  the  economic  proapecta  are  inviting.  There  is  d!t^  all  it 
seems,  no  all<embracing  Mandan  Santa-CIana. 

Mining  commonities,  of  coarse^  bear  little  or  no  relationship  to 
their  immediate  surroondings  or  to  the  lives  of  any  local  popniation 
there  may  be.  They  are  really  distant  suborfas  of  some  great  metropo¬ 
lis.  The  need  to  attract  highly  skilled  personnd  and,  more  impor^t, 
their  wives  and  families,  makes  it  imperative  to  provide  all  the 
comforts  of  home  and  otfam  besides.  This  has,  of  course,  always  been 
so.  One  of  the  pioneer  arctic  mining  aettlemehts — founded  a  century 
ago— is  Ivigtut  site  of  a  cryolite  mine  in  Greenland.  The  contrast 
between  its  appearance  and  standard  of  living  and  those  of  the 
village  of  Arsuk  a  few  miles  away  has  always  been  notable  and  de¬ 
pressing.  So  is  that  between  YeUowksife  and  Fort  Rae  in  northwest 
Canada,  or  between  Scherfferville  and  its  Indian  satellite  suburbs. 
So  too  in  Finnmark,  the  Norwegian  mining  town  of  Klrkenes,  com¬ 
plete  with  paved  streets,  indoor  swimming  pool  and  resort  hotel, 
stands  out  from  the  shabby  little  fishing  villages  not  far  away. 

In  many  ways  mining  towns  in  the  far  north  are  rather  like 
defence  communities.  They  cannot  exist  unless  they  are  modem  and 
efficient  and  able  to  attract  some  of  the  elite  of  the  skilled  southerly 
population.  So  they  need  to  be  planned,  comfortable,  and  aa  well 
ser  'ed  aa  possible,  in  order  to  carry  out  the  Job  assigned  to  them. 

Ye.  'here  are  extraordinarily  few  mining  communities  in  the  far 
north — at  least  in  Canada,  and  there  does  not  appear  any  likelih^ 
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that  nuuijr  additional  onea  ara  on  tba  way.  In  tha  20  or  so  yaass  that 
1  hava  tmen  obsanring  economic  davelopniants  in  northam  CuudM, 
tha  fata  of  adranea  has  not  bean  stfildng;  Today  a  pionaar  sattla- 
mast,  Port  Badiom,  la  going  out  of  btuineea^  and  a  recant  anrlTal, 
Hanirfn,  nuqr  soon  follow  anit.  In  Greenland,  Heatera  Vlg  axpecta  to 
eeaaa  operations,  and  tha  Ufa  of  leigtnt  cannot  ba  extended  much 
longer. 

In  other  words  tha  manner  in  which  mining  has  bean  organized 
in  tha  Arctie  down  to  the  present  does  not  saggeat  that  it  will  provide 
in  tha  near  future  a  rapid  and  sore  means  of  settling  permanently 
any  appreciable  part  of  the  region. 

From  a  consideration  of  tha  northam  commonitiea  that  exist  today, 
we  can  arrange  them  in  a  descending  order  of  methodicahieaa  and 
effactiveneaa:  tha  defanea  community,  tha  minfieg  town  and  finally, 
tha  typical  genaraHmrpoaa  northam  settlement  I  have  in  mind  for 
this  last  category  ^  viUagea  or  small  towns  of  Alaska,  northern 
Canada  and  Greenland,  and  I  suspect  that  moat  of  th^  in  tha 
Soviet  Aretie  ara  Uttla  if  any  differed 

The  sites  were  in  moat  cases  chosen  by  soma  far  off  folk  as  hunting 
or  fishing  locaUties— vHiera  seals  passed,  water  remained  open,  several 
travel  routes  converged  or  some  ot^  favourable  factor  ruled. 
Traders,  missionaries,  whalers  and  eventually  administrators  vtere 
attracted  to  the  little  communities  for  their  own  diverse  purposes,  and 
aided  in  their  growth.  No  planning  went  into  them,  and  Uttla  ale* 
mentary  forethought  There  is  nothing  unusual  in  thia— it  is  tha  way 
in  which  most  of  the  great  cities  arriv^  on  tha  scene,  labur  to  sprawl 
over  the  countryside.  Boston,  Winnipeg,  Copenhagen,  Cape  Town  and 
Moscow  evolved  thus.  The  Washingtons,  Canbenas,  Brasilias  and 
Chalk  Rivers  of  this  worid  are  the  rare  exceptions.  That  most  of  the 
northern  communities  are  poorly  sited  is  to  be  expected  from  their 
mode  of  origin — ^Aklavik's  many  deficiencies  have  for  example  long 
been  recognized.  Godthib  is  in  t^  ri^  part  of  Greenland  foreign 
centre,  but  in  the  wrong  spot— «  smaU  peninsula,  without  a  good 
water  supply,  with  a  poor  hiurbour,  no  airfield  site  and  little  room  to 
expand.  Oc^ionaUy  builders  of  northern  settlenoents  have  been 
granted  the  opportunity  for  second  thoughts  about  siting,  but  rarely 
have  they  had  the  courage  to  take  them.  The  dead  hand  of  the  past 
has  alnoMt  always  proved  too  compelling.  Those  who  expanded 
Godthkb  after  1960  could  have  looked  elsewhere  for  a  site  but  dared 
not  In  north  Norway  the  old  settlements  werraU  destroyed  by  1945, 
but  even  then  they  were  reconstructed  sometimes  on  quite  impossible 
old  sites,  such  as  those  of  Hammerfest  and  VardO.  These  two  have 
been  doggedly  thrust  up  again  from  the  ashes,  only  to  prove  within 
a  few  years  hopelessly  inadequate  as  homes  for  modem  commercial  or 
administrative  communities. 

Occasionally  second  thoughts  came  Just  in  time  to  avoid  wrong 
siting.  Churchill  on  Hudson  Bay  was  very  nearly  built  at  the  mouth 
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of  tho  wxofif  rftror,  m  fe  dcmoiutnited  bf  tfeo  iMiftstfng  w»x  to  which 
tho  Hodftnio  B$f  Baflwox  wandcn  iow»rd»  it,  exouing  tho  Ktlcon 
Rim  twieo  in  doing  to. 

Then  i«  IcM  «xenM  for  th«  poor  siting  of  cm  more  raeenf;  northern 
settlements,  such  ss  that  st  Resohite  Bar.  This  fccos  ot  Arctic  trans- 
portaito  was  selected  In  the  face  of  advice  that  It  provided  one  of 
tte  worst  harbonrs  in  the  Canadian  Arctic.  It  was  te  fict  used,  be* 
cause  a  harrsssed  ice-breaker  skipper  in  a  harry  coaid  ftnd  nowhere 
dhe  to  damp  his  load  when  he  failed  to  reach  the  assigned  site  farther 
.  west  At  that  time  no  preliminary  stodies  had  been  made  to  aid  in 
locating  this  vital  northern  settlement 

That  even  defense  sites  have  been  chosen  with  less  than  Olympian 
wisdom—in  spite  of  the  ample  skills  and  resonrcui  that  might  have 
been  ntilized — is  perhaps  more  distnrbing.  I  recall  two  airlield  sites 
hi  tte  Csnadian  eastern  Arctic  and  two  or  possibly  three  in  sooth 
Greenland  that  were  less  well  locatsd  than  they  eoi^  have  been.  In 
fact  an  three  airfields  in  east  Greenland  were  fim  an  all-roand  view- 
pednt  pooriy  selected.  Heno  the  oommnnitiee  that  they  now  serve,  or 
may  serve  fotoxe^  wfll  be  less  weD  provided  for  than  they  sboald  be. 

There  is  nothing  inevitable  aboot  this.  Some  years  ago  a  study  was 
andertaken  to  hx^  a  eommereial  harboar  site  in  GicenlaniL  The 
method  followed  demonstrated  that  when  the  spedfleations  are  clemribr 
laid  down  and  aU  available  information  is  gi^eied,  the  job  can  be 
done  qaiddy,  economically  and  effectively. 

The  general  pictnre  that  emerges  from  this  cursory  survey  of  man 
living  b  commonities  in  the  Arctic  is  that  he  has  generally  contrived— 
throogh  ignorance,  hasten  inefficiency,  lack  of  enterpriM  or  an  on* 
willin^ess  to  make  nse  of  available  knowledge  and  sidlls— to  build 
ap  a  pattern  of  settlement  that  greatly  exaggerates  the  acknowledged 
hardships  of  arctic  living.  In  the  case  of  mining  communities  there 
is  some  excuse  In  that  the  ore  to  be  exploited  has  detennined  the 
location — althoagh  even  then  there  is  usnsilly  some  room  to  maneuver. 
The  second  time  Yellowknife  was  built,  it  was  a  great  Improvement 
on  the  first,  though  the  distance  between  the  two  is  small.  Schefferville 
contrived  to  be  unnecessarily  unattractive,  and  to  exaggerate  the 
hardships  of  the  environment  by  simple  lack  of  imaginative  planning 
—something  that  Its  successor  Carrol  appears  to  be  avoiding.  As  is 
being  demonstrated  at  Thompson  in  northern  Manitoba  and  at 
Otonmhld  in  northern  Finland,  a  mining  community  does  not  have  to 
cluster  around  the  mine  shaft  like  a  medieval  city  around  its  fortress. 

Administrative  and  commercial  settlements  in  the  far  north  have 
even  less  excuse  to  be  poorly  sited  or  to  remain  so  as  they  expand. 
There  is  usually  a  good  deal  of  flexibility  about  the  location  as  has  been 
shown  by  the  case  of  the  olu  Aklavik  and  the  new  Inuvik.  liVhen  it 
was  decided  to  build  a  new  settlement,  all  the  necessary  skills  were 
recruited,  and  adequate  time  and  resources  made  available,  so  that 
the  Arctic's  first  adequately-planned  settlement  has  resulted,  lliia  ia 
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todajr  ftifl  almost  an  aniqua  saraniplfc  In  GnetAmd  tba  vtiy  gnat 
axpoiditarea  on  arfaan  dardopniaat^-iMfr  harbonr^,  aehotrfs^  boapftalSf 
Ha^proeaaalng  plants  and  so  on,  haws  been  Inrsstsd  In  sftss  haOowsd 
hr  Mttory  but  osnalbr  blesssd  fa  no  otlisr  wajr,  0ns  sxesptkm  fa 
Nafssaq  fn  ths  mmtbf  whsrs  tbs  nsed  to  build  n  shrimp  proesssing 
plant  has  provided  an  exenss  fbr  what  fs  fn  offset «  new  riOag^  eom> 
plots  with  Denmark's  most  modem  sopennarket. 

So  far  1  have  said  Ifttls  about  the  location  of  settlements  fn  the 
Sovfet  Areti6-4arfel]r  beeauss  1  am  aO  too  ignorant  of  ths  fMts  about 
them.  I  have  twice  tavdled  bopdhllj  to  the  DJ3J3JS.,  but  have  so 
far  failed  to  arrive  at  anjr  point  nortii  of  Leningrad.  I  am  however 
familiar  with  similar  parts  of  Ffdand  having  travelled  along  much 
of  the  border  between  the  two  eeantrica. 

From  aearehfng,  if  distant^  views  iff  "Nikkei"*  1  conclude  that  there 
ia  little  to  leam  Soviet  aretie  astdements.  Its  fire  haO  and  Palace 
of  Coltare  are  not  notablj  different  except  in  scale — ^&om  those 
at  dima  Ata  2.500  mflev  awi^.  near  the  Chinese  border.  Such  la  that 
remaricablp  monotonous  nation  that  there  is  Httie  HkeHhooif  that  a 
burst  of  originalitjr  characterizes  Soviet  communities  in  the  Arctic, 
when  it  does  not  do  so  elsewhere.  Settlement  ol  the  Soviet  Arctic  is 
presumablg  approached  in  the  same  manner  as  that  of  Karelia, 
Kazakhstan  and  Khabarovsk;  for  the  basie  principles  of  the  Soviet 
economy  and  the  political  tiwologr  that  aceompimies  them  know 
neither  latitude  cor  locale. 

We  on  the  other  hand,  are  less  indined  to  be  so  simple-minded  or 
so  consistent.  While  the  rules  that  govern  the  exploitation  of  resources 
on  this  continent  require  that  a  reasonable  profit  be  forthcoming  or 
■  the  project  cannot  be  initiated,  fortunately  there  is  one  major  excep¬ 
tion;  that  the  rules  do  not  appl^  in  matters  of  defence.  This  confronts 
us  with  the  mildly  absurd  requiremot  that  a  telephone  sjetem  shall 
declare  a  regular  profit  in  latitude  40*N  while,  if  a  defence  operation, 
in  latitude  70*N  it  is  not  expected  to  do  so.  Aircraft  carrying  pas¬ 
sengers  across  North  America  in  latitude  S0*'N  are  expected  to  earn, 
at  least  nominally,  a  surplus.  Those  flying  at  65*N — if  they  are  en¬ 
gaged  in  defence  operations  do  not  even  need  to  publiah  a  balance 
sheet! 

But  this  recognition  that  operations  in  the  Arctic  may  deserve— at 
least  in  the  initial  stages — large  subsidies  from  public  funds,  applies 
la  general  only  to  defence  operationa  When  it  is  simply  a  matter 
of  resource  development,  and  the  founding  of  an  economy  that  may  in 
time  provide  a  sound  livelihood  for  a  new  populatioiv-Uhe  building 
of  railways,  roads,  airfields,  mines,  harbours,  oil  wells,  shopping 
centres  and  so  on — we  reverse  the  polarity,  and  apply  a  different  set 
of  economic  and  social  rules.  For  these,  in  our  accepted  terminology 
are  "civilian"  operations.  There  must  U  assurance  of  an  operating 
surplus.  And  then  we  wonder  why,  in  spite  of  r.  century  of  activity 
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thtn^  tlM  tmdcnibnreloiwd  trcM  to  tb*  north  of  of  lunro  m  Ifttlo  to 
fhoir  to  tho  world. 

Tho  r«a«on  it  not  tor  to  teelc.  With  t  very  tow  eseeptfont,  no  ptrt 
of  the  Aretle  htt  ever  been  tneceMfnlljr  developed  wlthoat  tid>-> 
whether  In  direct  cath  grsnta^  Indirect  eabeidlet  or  by  qvtenuitle 
^tnnlnr— from  the  eecnre  bate  of  the  organized  conunnniW  farther 
tooth.  In  other  wordt»  by  direct  or  Indirect  government  Intervention. 

I  am  Inclined  to  the  view  after  tome  contemplation  of  the  dr- 
eompolar  regioa,  that  none  of  1^  Inclodlng  the  North  American  Aretle, 
win  be  apj^edably  developed  In  the  not  25  yeara— or  pottibly 
longer— id^ot  gratly  Inoreated  ute  of  almflar  tsebnlqoea. 

I  have  aome  knowledge  of  one  partlcnlar  large-tcale  economic 
devdopment  that  atanda  ready  to  be  laonehed— Imt  wfll  require 
hnndr^  of  mflUona  of  dollarB  to-float  it.  Then  aeema  no  HUlhood 
that  the  goardlana  of  private  capital  wlU  round  up  thoae  mUlIona 
when  they  can  Inveat  thm  mon  aecnrely  in  nearer,  milder  and  mon 
tomfllar  latitudea.  Aa  a  Norwegian  bntlneaa  head  of  a  very 
aucoetafnl  enterprite  a  long  way  north  of  the  Aretle  circle;  aaid  In  a 
convenatlon  lait  aummer,  ‘‘Baidcen  don't  lend  money  north  of 
Trondheim''! 

Thla  dlaeouraging  ateceement  docs  not  mean  that  there  la  no  place 
for  private  investment  in  new  northern  commnnltiea,  or  that  govern¬ 
ments  win  be  caUed  upon  to  plan,  build  and  operate  aO  future  in- 
dnatries  and  enterpriaca  there.  But  it  does  mean  that  what  has  proved 
to  be  good  for  defence  is  in  this  case  likely  also  to  be  good  for  the 
dviliaa  sector;  that  there  is  nothing  improper  in  the  community  aa  a 
whole  dedding  throuidi  Its  governments  to  underwrite  a  vast  develop¬ 
ment  programme  in  the  far  north  going  far  bejond  the  resources  or 
inclinations  of  individual  investors. 

I  hazard  a  guess  that  arctic  settlement  of  the  future  wiU  be  brought 
about  by  greatly  increased  public  expenditure,  based  upon  the  results 
of  intensified  sdentifle  enquiry  on  ca^ul,  systematie  and  imaginative 
planning,  and  through  concentration  on  selected  targets,  that  offer 
the  best  chance  of  success.  In  other  words,  priorities  will  be  set  up, 
and  the  resources  of  the  community  will  be  brought  to  bear  on  thoM 
schemes  considered  moot  promising.  There  may  still  be  some  place  for 
strictly  conunerdal  enterprises  in  the  north,  but  there  is  likely  to 
be  a  careful  allocation  of  tasks  between  the  public  and  the  private 
sector.  The  sole  criterion  will  be,  'Vhat  is  in  the  long-term  interest 
of  the  whole  community"— not  forgetting  that  part  of  it  already  living 
in  the  far  north.  If  any  genuine  profit  can  be  made  out  of  Arctic 
development,  and  thia  there  is  some  reason  to  doubt,  it  will  have  to 
be  a  secondary  consideration.  What  is  urgently  needed  today  in  the 
tor  north  is  to  devote  to  non-military  development,  the  kind  of 
imaginative  thinking,  technical  mastery,  and.  sheer  hiud  work  that 
haa  gone  into  such  enterprises  as  the  DEW  line  and  B.M.E.W.S. 
(Balliatie  Missile  Early  Warning  System).  We  need  to  apply  to  the 
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•xpaafion  of  drllltn  fod«^  in  tte  Aieti4 th*  xesolts  of 
tliogmtrHwnrehpn)graaiineooftlio(}iiaifcniMoterCtopo»dedie>ted 
M  liSTo  iMon  to  tho  oonrieo  of  tlio  couBii3r»  without  eonsMention 

of  gain.  PanSel  with  tUa  mnat  oamo  a  greatly  expanded 

ptogzaanno  of  reaeareb  thzoaidi  univereitfae  and  almilar  buttUttiona, 
together  with  the  qratematle  training  of  thaasw  generation  of  penon- 
net  needed  to  work  in  theeo  atill  onfanrfHg  r^fiona.  While  private 
eentribntiona  may  aid  in  thia^  the  main  ink  of  providing  the  large 
anua  of  moner  needed  wQl  r  onavoidabhr#  fidl  on  the  pnblte  treasary, 
U  oniy  beeanae  of  the  manj  common  pegUema  that  exist  within 
the  eircnnipolar  landa-^iot  tin  aarnmndlng  aeaa  and  the 

atmoaphere  -there  ia  an  argent  ne^  to  hoprove  the  international 
exeha^  of  adentille  knovdedge;  aa  weD  aa  of  adentiata  themadvea. 
Thia  will  not  hi^pen  of  itadf— for  there  are  many  and  ml  ohstaclea 
in  the  way.  Leaderahip  will  be  needed.  Forcnunple^  a  Conferenee  of 
flw  type  we  have  been  attending  here  would  be  aU  t^  more  athnolat- 
ing  if  ita  partidpanta  could  bring  eontrSbatime  from  all  pointa  of  the 
Aretle.  There  ia  a  long  and  boimnrable  tradit^'n  of  ktemational 
adentide  collaboration  ^  the  polar  regiona.  little  would  bo  loot  and 
much  benefit  would  coom  from  reviving  and  extending  it.  Canada  ia, 
it  ia  understood,  already  diapoeed  to  enceerage  this.  Throng  the 
international,  non-govemmental  eontacta  maintained  by  The  Arctic 
Inatitnte  of  North  America,  it  ahould  not  be  impoeeible  to  set  up  a 
progrannae  of  adentifle  exchange  visita,  to  be  fallowed  by  co-operative 
anangementa  for  atudy  and  reaeazch. 

Human  eodely  in  the  Arctic  today  still  fiKcs  more  than  enough 
natural  obstacles  to  progress.  Wb  ahould  at  the  least  be  prepared  to 
Join  forces  with  other  adentiata^  wherever  they  may  be^  who  are 
dedicated  to  overcoming  them. 

CnsoauN  Wooo:  Ow  flaal  apMkw  has  cboM  t*  «kbm  "Tb*  R«l«  of  PoUtks 
ia  the  bpaadiae  UtUiatioa  ot  Um  Arctic".  Be  ia  Dr.  Georse  W.  Rofera  of  The 
Aretie  lasUtate  of  North  AaMvIes  ead  ie  aev  la  •  tnaaitory  etace  es  CanMeie 
VUtiBg  Pmfeaer  of  Ececwica  at  the  UBhmaitr  <f  Alaaka  and  CoOefo.  Oor 
diatiwgoiched  epeakar  haa  wilttau  eeteasiTelr  aboat  Alaaka,  hia  auat  racaak 
nohUeatioa  aatftiad  "Ecoeocaie  CoBaaqoaneea  ot  Aladtaa  sitatahood".  Dr.  Rofera 
haa  alao  acted  aa  adrlaor  aad  coaaoHaat  far  tho  laat  three  Goreraora  of 
It  la  a  plaaaara  to  iatrodoea  to  jroo  Dr.  Gcorfa  W.  Ratno. 


THB  ROLE  OF  POLITICS  IN  THE  EXPANDING 
UTILIZATION  OF  THE  ARCnC 

GBoacx  W.  RoGzia 
University  of  Alaska 
College,  Alaakar 

In  terma  of  political  orgaoixaUon,  the  Arctic  might  bo  described  as 
the  northenimoet  extensions  of  an  array  of  governmental  types.  In 
addition  to  vaiioua  northern  territories  and  districts  of  Canada,  the 

134 


USSB»  aad  tb»  SamdhutfUn  jutfonf,  ft  fneltufct  tlw  indtpmdmt 
npnblle  of  Iceland  tho  iotmn  ovttMa*  Danish  eofoojr  of  Gnohland, 
and  an  Important  part  of  tho  new!/  created  ^loveiefgn^  state  of 
.Alaska.  A  conipanttho  eamnlnatlon  of  these  poHtlesl  organizations 
and  their  administrstiTe  problems  in  the  Aretie  would  be  instmetire 
and  nsefal  to  tlM  porposes  of  this  eonfereneev  bat  the  detafl  reqalred 
even  to  pmride  an  oatUne  talk  would  exceed  the  time  limits.  Further¬ 
more  butitatiooMl  arrangements  are  not  the  eradaOjr  important 
politteal  aspects  of  the  Aretie. 

M/  intention  Is  to  be  both  more  general  and  more  basic  than  would 
be  tte  case  if  m/  purpose  were  to  present  a  political  catalog.  The 
choice  of  title  plaeea  emphasis  where  it  is  intended,  upon  the  role  of 
polities  as  a  motivating;  d/namie  force  in  expansion  into  the  Arctic 
regidns.  Also  as  the  speaker,  I  would  Iflw  to  raise  a  question: 

should  there  be  a  more  popular  interest  in  the  Arctic?  The 
members  of  this  conference  have  an  interest  or  rather  a  variet/  of 
interests  In  the  top  of  the  worid  and  in  terms  of  your  special  interests 
/on  are  somehow  “dedicated**  to  it  and  ita  understamUng.  But  to  the 
outsider,  to  the  general  publie;  militar/  activities  are  seen  as  a  version 
of  armed  sentries  at  our  northern  gat^  and  nonmflitsr/  exploration 
and  investigations  are  looked  upon  suspidousl/  as  some  form  of  ex¬ 
tending  Bo/  Scout  or  university  outing  club  levities  into  the  later 
/ears  of  our  lives  and  into  an  outlandish  wildemess  area.  There  is 
something  of  that  dement  in  it,  of  course;  but  there  is  more  to  It 

In  getting  at  this  “more**  dement  I  must  depart  from  the  narrowl/ 
sdentide  a^  militar/  tone  which  has  dominated  this  conference  and 
approach  m/  subject  from  the  attitude  of  the  popular  mind,  Ut^  the 
noMdeatille  and  non-militai/  mind.  The  title  of  this  conference  is 
given  as  **]fan  Living  in  the  Aretie**,  but  with  the  possible  exception 
of  Tiwvor  LIo/d*s  paper,  Man  has  not  emerged  from  this  discussion 
in  an/  humai^  recognisable  form.  We  have  been  informed  on  the 
functions  of  physical  parts  of  Man  under  various  Aretie  conditions. 
(There  is  avi^able  in  the  lobby  a  supply  of  copies  of  papers  recently 
presented  at  a  similar  syrapodnm  on  “^taction  and  Functioning  of 
the  Hands  in  (^Id  Climates’*.  The  title  of  that  conference  might  have 
been  “The  Hand  in  the  Arctic**.)  The  papers  given  at  the  present 
conference  have  been  enlightening.  We  have  considered  Man  as  a 
piece  to  be  used  in  the  opening  plays  of  the  deadly  game  of  inters 
national  warfare.  These  papers  have  been  frightening. 

As  an  Alaskan  I  must  confess  to  be  somewhat  less  than  charmed  by 
the  role  we  were  assigned  in  one  of  the  sales  points  in  Colond  Pearson’s 
presentation  (see  page  35).  To  paraphrase  Lowell  Thomas  at  the 
close  of  his  High  Adventure  flhn  on  the  Arctic.  1  do  hope  that  the  rest 
of  you  are  able  to  sleep  better  at  night  secure  in  the  thought  that  tens 
of  thousands  of  able  young  Americans  are  alert  to  intercept  any 
enemy  attack;  and  If  they  are  not  altogether  successful,  some  two 
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laadnd  tbotund  AImmIuom  ttaad  fw4r  to  foir  tip  Momt  of  tho  nklio- 
aethw  Hut  «cui  fiUt-oat  wUeb  wooU  90mwiu  te  unloaded  on  poo* 
FraaUjr  thoagh,  1  eoold  bavo  dona  iritiMmt  ilio  map  with  the  neat 
Uttia  nd  ffltuhrooma  eeaitered  about  to  ffioatnita  how  thia  would  be 
dona,  Tho  Rofen  famdOf  happena  to  lift  at  one  of  tboaa  pofaite. 

Speaking  aarloualjr,  Cblocjl  Peanon  and  the  membera  of  our  entire 
mllltaip  uUMlMbmiat  art  Uxed  bjr  the  mt  of  ua  to  think  and  plan 
In  iuat  aueh  unpleaeant  tenna.  If  the  unttfnkabla  doea  happen^  It  la 
eaetntlal  that  there  ba  an  alert  and  trained  group  of  our  dtlzene  pre¬ 
pared  to  mote  ImmeiUateljr  and  with  aufiio^  along  an  alreadjr  pre> 
determined  and  appreprlate  Una  of  action.  Thla  la  tha  role  ot  tha 
profeaalonal  aoldler  In  our  aodety.  Ba  b  our  Inauranee  pollajr,  atand- 
Ing  hr  to  ha  dnnm  upon  In  the  avcnt  of  an  emefltngr  which  wt  bopa 
,will  not  matariaUxa. 

To  tho  dflllaaa  In  tha  audience  our  |ob  la  to  tUnk  in  tenna  of 
altccnathao  to  war.  Such  tidnUng  doea  net  mean  that  wo  are  oppoeed 
to  tha  mflltarp  view  of  tha  role  of  tha  Arette  iriifeh  haa  been  fairtared 
hera^  but  rather  that  we  moat  taka  a  broader  flaw  in  which  tha  mfll- 
tarp  aeamnea  ita  proper  perapectifa.  Without  thia  broader  flew  we 
fan  la  a  resy  aoriona  wap.  Thia  larger  pictaro  la  what  Generala 
Trudeau  and  Mdtamara  ondoobtadlp  h^  to  mind  when  thep  atreaaed 
the  dangera  inhinent  to  our  dlowtog  aodal  adenea  reaeareh  to  lag  ao 
bditod  our  otiier  reaeareh. 

hi  ending  thia  aeetion^  I  am  acatdp  aware  of  the  neeeaaitp  to  con- 
aider  ICaa  to  the  Aretie  aa  aomethtog  more  than  a  biological  or  mlli- 
taip  concept  Kan  la  wenitlellp  and  umbuelp  a  political  animal.  It  la 
to  this  senes  that  I  wiah  to  draw  attentloa  to  him  la  connection  with 
the  North.  What  are  the  motlfatlons  which  lurm  directed  attentton 
northward,  and  what  are  thdr  undcdptog  pditlcal  nature?  Let  ns 
redew  aoma  of  the  more  elementarp  and  beaie  potote  alrmdp 
derdoped  to  thia  coaferenca. 

Start  with  the  general  picture  of  the  Aretie  aa  one  of  the  afaaoet 
facaat  regions  of  the  earth.  In  dew  of  the  wo<M*s  erer  inereaalng 
populations  we  might  look  northward  for  the  Udng  apace  man  ao 
badlp  neada  and  will  need  erea  more  aeutelp.  But  ^here  moat  be  a  good 
reaaoa  for  tbeee  northern  regloas  being  drtaallp  uninhabited,  and 
there  dedaitdp  ia  one  aa  the  earlier  pepeis  to  the  conference  have 
implied.  The  Aretie  is  a  must  oacoinfortable  places  much  too  cold 
for  what  we  eoneider  ddlixad  Udag.  Put  into  the  eeonomlat’e  Jargon, 
thia  ia  a  general  region  of  low  ein^tp  rmoorue’*.  In  order  to  aur- 
dve  through  moat  of  the  jeer,  man  muat  become  a  primitive  astronaut 
somehow  ereeting  for  himself  a  new  outer  bodp  to  make  up  for  the 
ahortcominge  of  the  one  he  poaieiaea  naturaUp  and  creating  Indoors 
the  elementa  which  the  natui^  climate  doea  not  adequatelp  provide. 

In  sajing  thia,  I  speak  from  personal  axperienc%  not  aa  an  explorer 
or  adentlfle  inveetigator,  but  aa  a  translated  exurbenite  living  In 
the  suburba  of  Fairbeaka,  one  of  tbe  northenunoat  outposts  of 
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Sabarbiflv  U£JL  (Tbtn  wMy  bt  mat  parlsto  in  tlw  Mdicnen  who 
will  dtttjr  ma^tbt  prirUego  ofajring^uttl  Urt  in  tlw  Aretie.  Tbif  to  • 

nurtttr  ^  ddinition^  and  dorfav  tlw  iongr  winter  sctton,  «t  ItMt;  it  to 
tlw  Aretie  ng^tfdtoM  of  what  Wlwn  I  toft  bom*  bat  week,  tbn 

temparatnra  waa  down  to  88  degxmt  Mow  xoro^  and  from  now  on 
dorfagthonaactthraamontliaantemptratoroiiaotetionajtnobaMy  win 
maui  *1»Iow  z«o'^> 

In  thto  Aretie  onrimninont  wo  act  Iflte  the  prombtol  Eni^lunan 
dnaaing  for  dfamor  in  tiw  deptha  of  tho  We  attempt  to  be  tme 

to  an  the  detailed  ritoida  of  oar  enltare  while  Urinf  in  thto  gigantic 
deep  freexe.  Daitjr  we  gaHaotljr  battle  the  pexib  of  ice  and  anow  in 
oar  non-compact  Amerkan  aotomobitos  with  aotomatic  tranamtoaion. 
Nightilr  we  worry  mid  feet  Ofcr  oar  headboZt  beaten  ediich  are 
aaamtial  if  onr  bdored  monaten  are  to  go  on  living  and  dominating 
oar  livea.  We  ate  kept  in  a  perpetaal  atete  of  genteel  poverty  trying 
to  pay  the  heating  and  other  utility  billa  fbr  oar  ranch-type  hoaaea. 
We  even  have  a  few  worriea  aboot  oar  active  ehfldren  luffe^g  froat- 
Ute  or  freezing  their  hmga  on  their  my  to  and  from  school  or  their 
rnnaic  leeeona.  Somehow  m  manage  to  keep  trne  to  onr  enltnre  and 
heepnpappearanceaBntitton*teaqr,andfreqocntlymaskoar8elvca 
vHiy  m  bother  to  go  on  livhig  in  aodi  an  nnnatanl  place. 

Unth  doe  apologies  to  Dr.  Stefanason,  thto  **firiendly  Arctic^ 
baainesa  can  be  overdona  Dnrfaig  Alaakato  atetehood  Iwttla  oar 
politielaaa  regaled  na  with  compontive  temperature  data— why,  it 
geta  jnat  aa  cold  or  colder  in  Montena  and  ports  a*  the  Dakota^  to 
aay  nothing  of  ever  so  many  parts  of  Canada— and  m  were  cheerily 
told  that  the  historical  statistics  indicate  that  the  North  is  warming  ap. 
There  to  it  even  cold  comfort  in  each  talk,  for  only  a  little  reflection 
win  demonstrate  that  those  other  parte  of  the  continent  which  share 
oar  eharacteristie  of  extreme  cold  temperatures  are  not  exactly  over¬ 
crowded  with  humanity,  and  the  wanaing'-ap  process  is  a  long  term 
proposition,  much  longer  than  any  of  os  can  widt  around  for. 

Attempts  to  settle  the  Aretie  and  snb-Aretie  in  these  terms  to  indeed 
a  daft  notion.  At  most  we  coold  take  np  seasonal  residence  during  the 
warm  period,  take  care  of  our  business,  and  get  out  before  freeze-up. 
This  htt  been  the  pattern  of  the  past  development  of  the  North.  But 
somehow  in  Alaska  we  have  been  given  a  puUIc  conscience  which  tells 
oa  that  this  a'  itude  to  wrong.  In  Alaska  political  aspirations  toward 
full  statehood  were  based  upon  the  idea  that,  not  only  was  permanent 
year  round  settlement  desirable,  but  even  possible.  It  is.  but  at  a  cost 
Public  investment  must  be  diverted  to  make  it  possible  through  costly 
community  facilities.  Private  iunsstment  must  pay  a  subsidy  in  the 
form  of  extra  wages  and  fringe  benefits,  and  the  individual  pays  a 
heavy  cost  in  inconvenience  and  added  living  expenses.  Those  who 
believe  in  the  future  of  the  Arctic  as  a  habitable  area  must  reallu  that 
the  above-mentioned  expenditurea  will  be  necessary.  The  satisfaction 
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of  •bufeal^  Abulun  polltfeol  tenotof  faftbuMM  to  nqoteo  tluii  thio 
bodoM. 

llitio  oio  other  coda]  fflotivatioiui  eonifav  fOBt  of  no  to  eontlniie  on 
^  hioordecp>fseezoeBrfK»unent^ofeoiine,Wheaeferlbefjiitobersto 
mpuK  ior  eonXtmAng  thie  etragdo  e«id  eab|eetfDf  mf  lauSif  to  fte 
InconTeirieBcee  end  dlseomforte,  it  onijr  tsTjr  « tdp  10co  tho  pment 
one  to  hrfnf  me  beck  to  mjr  eeneeai  The  fmtntiag  etnigi^  foim 
eonferted  air  tenninala  into  congested  eitiei^  the  faair-faislnf  dsivea 
at  top  speed  aloof  crowded  fncwecft  (aa  inoie  labd)»  the  poOnted 
air,  and  the  social  rlolenee  and  snddra  dettk  sereaminf  frem  the 
mominf  paper  does^  indeed,  make  the  Axetie  aad  tho  stib>Artie  seem 
frisndijr  ujf  contrast.  And  where  dee  can  sock  a  idatireiy  small  ooDeC' 
ttm  of  American  citizens,  a  grenip  which  eoidd  be  loet  in  one  of  the 
neighborhoods  of  the  Boston  metnpditaa  ates^  enj^  aad  realise  so 
ito  pditical  deatinji 

QMBeaa*a  pi^er  has  dealt  with  natural  resonroea  as  a  force  for 
oxpaadad  ntfliration.  The  natnral  resoorces  of  tiw  Arctie  hav«  been 
edited  in  a  sporadic  aad  narroidf  spedslhsd  waf  in  tbs  past 
There  hare  been  periods  of  intensive  whaling;  lonf-term  harre^g 
of  brief  sorties  in  search  of  gold;  and  todsj  a  growhaf  interest 
in  oik  natnral  gas,  nraniom,  aad  other  beude  miaerala.  The  aUUzat^n 
of  Batnral  resoorces  has  bera  hampered  hf  lade  of  knoedsdge  of  how 
to  woric  and  live  in  cold  cHmatea,  to  aa^  nothhif  of  lack  of  knowledge 
of  tbs  reaoaroes  themselves.  SiuA  knowledge  comes  dearhr.  We  have 
no  estimates  of  the  cost  of  needed  basie  data  programs;  but  past  ex¬ 
perience  tdls  ns  it  wonld  nm  into  the  bnadtedsof  millim  of  doUara. 
Private  enterprise  baa  and  will  provide  nuaft  of  the  monsf,  but 
brealdaf  the  back  of  these  i^roblems  reqnires  governmental  investment 
in  exploratioa  and  basie  investigation  on  a  large  scale. 

Mere  phjsieal  existence  of  natural  resoaices;  however,  is  not 
enongdi  to  lead  to  economic  development  There  must  be  markets,  aad 
the  reeoarca  must  be  accessible  to  meet  these  demands.  In  the  Arctie 
this  last  item  is  crucial  as  General  McNamara  and  others  have 
stressed.  Development  requires  massive  capital  investment  in  trans¬ 
portation  facilities,  in  communitjr  facilities,  aad  in  other  basie  publie 
works.  In  Alaska  atone,  basic  road  requirements  aad  hjrdroelectrie 
propoeato  which  may  trigger  further  devetopmeat  are  estimated  to 
cost  not  millions  but  billiona  of  dollars.  Tho  magnitude  to  such  that 
publie  investment  must  be  resorted  to. 

Tho  devetopmeut  of  the  A.xtlc's  natural  resources  in  something 
other  than  a  selective,  specialized  way  is  therefore  largely  a  matter 
of  publie  investment  policy.  The  decision  aa  to  whether  aiuble  sums 
of  publie  funds  will  be  spent  on  Arctic  development  or  elsewhere 
rests  with  various  national  political  entities  represented.  Somehow  a 
broader  **publie  will**  must  be  brought  to  focus  upon  the  Arctie  as 
being  worthy  of  consideration.  This  decision  la  essentially  a  national 
political  problem. 
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If  tht  ilfctfe  It  not  •  piwnlttnf  pbu§  far  haama  HttUmtnt,  tU 
fttooftct  nuqr  fiold  pHHBlit  f!»r  fMoxv  dctrclopramt  Bat  ftt  pttt  md 
prwmit  lapoittaet  dtrivM  fttm  $tnUgic  eooMantkm,  Ftxm  tfat 
•t^fMnUogtforttiiortbwctt  (oraorthcMt)  pMugttotlMpRMiit 
dqr  d!  ICBM't  tad  ttonie  powtwd  mdtneat  ertft  tad  trmu-polMr 
eoBaatreIalafrili|dds»  tiwftrdcgletlgalileaaetof  tht  Aittie  Bwia  luw 
btta  laenttlagibr  neognixtd,  SfntSar  eontidtntioBt  tpditd  to  tlw 
•MMreit  Cladt^  lootot  prompted  Mr.  Liaeofai'f  Seeretur  of 
8t$i»  to  aigfaitr  tot  parehaao  of  Alatloi  tad  Iqr  piaat  tor  a  ttaifltr 
attmapt  to  aeqoin  Greimlaad.  Hero  irt  art  awrla#  Into  ttill  aaothtr 
tefd  of  pdftlet— iateraatioBal  pditie*^  gtopoUtki^  powtr  potttfea  or 
irfiateytr  otttr  term  yoa  etrt  to  ottu  Tho  atotiratloa  It  tlio  tconoprie 
tarvffal  of  pc^ftieal  entitica.  Dtptadfaf  opoB  tba  pitilenlar  aatioB  or 
parfed  of  Udorp,  tht  Aictfc  hat  pwatatad  a  chaIbBgt  bt  tht  tom 
rfaharritrto^OTtrBomtoroppottunUkttobtttpleittd  faiprofid- 
las  fttfiiiftl  iatnMiatioBal  lito  Itoet  or  iateraatloBal  rootet  tor  eom> 
BwrM  aad  txBfd  la  tfawa  of  ptaet  aad  tor  aurMoIoa  or  nteHatioa  la 
of  war  or  tha  threat  of  war.  Whattvtr  tht  oat  eontemdated, . 
howtrer,  tht  porpcaa  to  ht  aenred  aaiat  bt  a  poUtkaOp  recojptbted 
aad  dateraiiaad  out— oaa  arisfap  from  aa  toButSm  of  tht  appantoa 
throadi  vHdeh  tho  pobUe  will  it  diacorered  aad  iater^ttod. 

At  thia  poiat  oa  Alaakaa  tootaote  addit  bt  axeaaed  to  indicate  bow 
othar  nnr^ted  forma  of  poUetkal  aetom  ia  tarn  aiatt  tha  atrategie 
eoaaideratkma  ia  tho  aariowlp  adHtarp  mam.  Tht  craatioB  of  the 
atate  of  Alaaka  waa  a  eeremoaial  treat  of  tht  hU  htat  poUtfeal  order. 
Ia  affaet;  tht  peopla  of  the  Uaitod  Stetaa^  through  thi^  dolp  elected 
repreacatathrea  (the  membera  of  the  OnMprett  aad  the  Ps^deat) 
tatered  into  a  compact  (ao  deaeribed  ia  the  Statehood  Act)  with  the 
people  of  Alaska,  acting  throod*  a  popular  raferendnm,  bp  which 
sovereign  powers  and  responaibilitlet  were  to  be  shared.  This  parelp 
political  ad  carried  ont  in  a  never-never  land  created  bp  17th  and  18tb 
ceatarp  political  pbiloeopbera  baa,  we  were  told  in  pravioot  papers, 
modiiM  planning  bp  the  Armp.  Because  of  its  more  devated  political 
order,  no  part  of  ^  state  of  Alaaka  now  can  be  consider^  as  a 
potential  buffer  »ne  ia  the  event  of  eaemp  attack  toom  over  the  Pole 
or  as  land  which  might  be  written  off  as,  at  moat,  so  much  ground 
space  over  which  aa  air  struggle  would  be  carried  out  Colonel  Pearson 
streued  that  the  Armp  still  has  a  Job  to  do  to  defend  American  soil 
toom  falling  into  enemp  hands,  if  for  no  other  than  international 
pspchologicid  reasons.  political  event  of  statehood,  apparentlp,  has 
heightened  these  peycholo^cal  reasons  far  bepond  what  thep  might 
have  been  in  its  ahMnce.  Nor  can  existing  defense  facilities,  the  opera¬ 
tion  of  which  comprise  aa  important  element  ia  the  State’s  basic 
economp,  be  flreelp  abandoned  in  response  to  a  logic  arising  from 
tochnol^tal  change— not  in  the  face  of  a  vocal  representation  of  the 
people  of  Alaska  in  the  United  Statee  Congress. 

Clearlp,  the  task  set  for  me  bp  the  title  of  this  paper  cannot  be 
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aetomtiUM  b$rond  ih$  nithtg  otuttw  qat$tiom,  Thm  profmbfy 
Mt  M  pMtkat  aeltnUaU  in  tht  Mditnet;  bat  H  thtiv  nvi^ 
ifcodkl  M  •  rarale  tUa  ecnfannet  iik§  a  Imh  Joek  at  fba  AxeHe 
in  ftbtton  to  bamaa  affaha.  To  tba  atodaat  of  fatwiindoiinl  pc^ftkn 
and  pofMod  tiMorf  fo  snwnd^  tMi  nfion  to  •  ocir  trtoHai  foeaa  tor 
aiadykaihigtoaa  amkntatkIlagafmUonal  aapinUom  ebanetof, 
and  nettofttoi.  Tho  tnUmltf,  parpoaa,  aad  toamm  of  targyiag  oat 
aethMm  ia  tba  Ardto  eaa  aam  aa  an  iadax  of  tboio  aationai  traHa^ 
In  Ua  raeai  popalar  book  Ohoai  8Mp  ofiha  Poto,  Otoasfmmda  mdr 
amiynMydyndTOiifawootoiTof  Ai^cat^fatton  (tfaoftofj'of  tbo 
Vd4a£ad  Kalto^  fto  enptnin  and  Ha  enw),  bat  fho*  an  iOoimnsiinf 
inafi^  into  tiio  baaie  eluifaetor  and  opanakm  at  a  fawdijr  dtotator- 
alifp  witb  poBtkal  aagbatkm  bofond  ito  apMtaai  nmaaa,  A  aura 
admaify  atodjr  and  eritleal  anHaaUoa  oi  otim  reataraa  info  tbto 
ngfon  ninf  ba  aqoallr  maalinf  ia  piovfdfaif  chM  (o  aa  andantandinf 
of  otbar  national  (RNipOr  fnctadhig  onmlfoa 
Bat  fhto  to  not  tba  note  on  wMd  to  toava  nif  topto.  Katbar,  1  aball 
laata  it  with  a  qnaatlon  dinetad  to  an  of  joo  aa  dttoana  of  tba  waatarn 
mHoaabafbigaraalbataa  jratbasOy  aadatatood,ataka  to  tba  Aretic, 
Aawaaaeb,aaparataljrortoorga'daadgroapa,pariodJeantjrraaxaatbu 
ud  attampt  to  ladtoeoTar  a  national  parpoaa^  tot  oa  eowider  our  rela* 
tion  to  tba  Nortb.  Than  aak  onnehea,  *Tn  theaa  tanni^  what  ahoold 
ba  lUa'a  pUiea  in  tha  Arctlef* 


DIDICAtKm  Of  YHS  WnXOfS  ARCTIC  TE8f  CHAMBER 

WJcm  QEtitMAL  Amsur  MUYaiiaia 
TiU  QmrUrnuuter  Gentmi 
Tkjpittamd  of  tho  Annjr 
WiMUnftoiv  D.  C« 

Wo  fa  tbo  Aniqr  QoAftornuutir  Cor^  find  It  ApproprUto  to  dtdleato 
tbo  Aretki  Enyironnmit«l  T«t  Chambor  boro  it  oar  Rwwreh  and 
Engiiirartoff  Cantor  to  tbo  mmorf  oS  oat  nopoetad  eoOaagao  and 
friar^  Goofio  Habort  WUUna. 

Miqt  2  aor  alao,  tadjr  WfUdna^  that  wo  art  trnlr  bonond  and  daapljr 
ffotoM  that  jrott  bavo  eoma  to  loia  oa  todiqr  la  tbia  tribata  to  your 
laaooM  boabi^ 

Bafoio  Sir  Hobart  jolitad  oa  In  1942^  ba  already  had  a  moat  lffl> 
piOMlra  record  ot  oecom^bmanta.  Whila  many  of  oa  who  were  hla 
frlaada  know  aomatblnff  ctf  what  ha  bad  dona  In  t^  flalda  of  adTentora, 
oxfiontUm,  and  military  aanrlea^  1  tUnk  It  la  fittinf  on  tbla  oecaaion 
to  raeall  aoma  of  thoaa  achlavamanta. 

In  tbo  Balkan  War  of  1912-13  WflUna  beeama  tba  flrat  photofrapber 
to  obtain  motion  pletareaof  aetsal  combat  Ha  waa  alio  ona  of  tba  flrat 
to  paracbota  from  an  aircraft— no  mean  fait»  eonaldarlny  tba  aircraft 
and  paracbotaa  of  that  day  I 

Tba  ootbreak  of  Worfd  War  1  found  him  aecond-ln-command  to  Dr. 
Stafanaaon— alao  bare  with  oa  today  to  honor  Sir  Habcrfa  mamory— > 
on  an  expedition  In  tba  Arctic,  a  place  then  ao  remote  that  not  onto 
Septembtf  1915  did  Sir  Hnbeit  leam  that  a  war  bad  engnlfed  tba 
world. 

Eager  to  get  to  tba  battle  fronta,  ba  left  the  expedition  In  1910, 
retard  to  Auatralla,  and  waa  commlMloned  In  tba  Auatralfan  Flying 
Ckirpa.  After  Joamejfing  more  than  80,000  milea  from  the  Arctic  to 
Aoaballa  and  then  to  Europe,  ba  flnaDy  reached  tba  Weetem  Front 
Ha  took  part  In  every  engagement  fought  by  the  AuatraJtana.  He  waa 
wounded  nine  tlmea.  He  waa  twice  mentioned  In  diapatchea.  Asd  ba 
waa  awarded  the  Military  Croaa  with  Bar  for  Exce^lonal  Bravery, 
which  la  the  Brltlib  equivalent  to  our  Distinguished  Service  Cross, 
second  only  to- our  Medal  of  Honor. 

Following  World  War  I,  Sir  Hubert  began  a  series  of  polar  flights 
that  won  him  International  acclaim.  His  great  flight  with  Elelson 
from  Ft.  Barrow,  Alaska,  across  the  Arctic  Ocean  to  Spitsbergen  In 
1928  has  been  compared  to  Lindbergh’s  similar  feat  of  that  day  In 
crossing  the  Atlantic.  It  was  following  this  flight  that  he  waa  knighted 
1^  King  George  V,  not  Just  for  his  polar  exporatlons,  as  waa  popularly 
oesumi^,  but  also  for  his  wartime  record  and  his  contributions  to  the 
Kiencee. 
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AtUr  gceomptttfittg  Sir  Emot  SbMckklou  on  Iilf  Uut  roy*g0,  tho 
ono  on  wMdb  tluili  gn$t  aplonr  died.  Sir  Hobort*!!  next  expediiion  i 
mu  to  Uw  othor  o^  of  the  oarth  sad  reraltod  In  tbo  Ibst  slrersft 
iUgbte  to  tlu  Aatantte  to  Norombor  1928, 

In.  1881  Sir  Habert  esnu  bock  to  Us  Hist  lors^  tbo  Axetle;  Uttof 
tbo  obsoloto  U,  S,  Nsvx  Sabnuurtoo  0>12;  wUeb  bo  rtnamod  tbo 
^snfiQos^*  bo  bsgsn  s  rescsreb  projoet  to  wUeb  bo  mado  tbo  first 
•  nndenrstor  emlsu  bonestb  tbo  Are^  lespodc,  Tbo  fiasi  ebspter  of  d 
ttio  sdTtntaro  was  completed  to  1958  wbm  two  of  tbo  KavT's  new 
stni^  sabmarlaeo  eaeeeeeiaBj  tnrexeed  tbo  entlrs  pidar  Icepack 
miderwater.  In  honor  of  Sir  Habert's  earlier  acUerementi^  tho  Very 
named  ono  of  tbo  ssbo  tbo  ‘'NautatuT, 

In  1988  Sir  Habert  retnmsd  to  tbo  Aataxctle^  wbors  ho  hripod  ^ 
crgudze  tbo  first  aircraft  evosetoff  of  that  remoto  eontfaenfc  Tbo 
erasstof  was  mado  bgr  tbo  American  exphter  Lincoln  Ellswortb  and 
Wot  Herbert  HbMck-Eenyon. 

Hf  1987  tbo  folden  ago  of  polar  exploration  was  drawtof  to  a  closer 
bat  again  Sir  Habert  was  a  parUdpant.  His  aerial  searches  to  tho 
Arctie  for  tbo  downed  BaasiaafljrerLeTaneTskreoTeredsomo  150,000  o 
sqnaro  milea  of  tbo  Aictie  basin  nerer  befors  seen  by  hnman  esrea. 

‘  With  tho  advent  of  World  War  H,  Sir  Habert  placed  Us  vast  know, 
lodge  and  experience  at  tbo  disposal  of  tho  United  States  Army 
Qnartarmaster  Corps  to  assist  to  developing  eold>weatber  dothinc 
imd  eqaipment  for  oor  own  troops  and  tbM  of  oar  Allies. 

Few  if  aajrQaartermaster  developments  can  bo  ersditad  to  tbo  work  * 

of  a  singio  todividoal,  for  thep  all  represent  team  effort  by  tho  tlmo 
tbo  Item  is  issued  to  troops.  Nevertbel^  there  is  scaicdjr  an  example 
of  cold^vreather  clothing  or  equipment  to  tbo  U.  8.  Amqr  sap^ 
ajstem  today  wUeb  dom  not  carry  tbo  imprint  of  Sir  Hnb^s 
eontribotiona.  , 

Genera]  Georges  F.  Doriot,  who  was  Chief  of  Tho  Qnartennaster 
General's  Ifilitary  Planning  Division  dorlag  World  War  IT,  has  said: 
''Ono  oatstanding  attribute  of  Sir  Hubert  was  Us  wflUngneas  to 
andertake  any  task,  notwithstanding  bow  dangerous  or  dliflcult  It  was, 
and  to  always  carry  it  out  succestfully  with  great  modesty  on  hie 
part"  « 

Ho  was  a  man  of  boundless  energy  and  was  never  perturbed  by  hta 
surroundings.  He  was  never  demanding  S’:d  was  always  ingenious  In 
finding  a  solution  to  a  problem.  If  he  was  unable  to  Induce  a  tailor  tu 
make  a  design  exactly  as  he  conceived  it  be  would  ait  down  at  the 
sewing  machine  and  make  the  item  himself.  He  was  indefatigable  and 
always  wanted  to  test  items  himself.  He  would  continue  long  after  < 
younger  men  became  exhausted. 

Even  In  later  years  he  never  spared  himself  In  whatever  he  under* 
took.  He  insisted  upon  going  on  field  maneuvers  so  that  he  could 
personally  evaluate  developmental  Items  under  the  moet  dlllkult 
conditlona.  He  was  adamant  in  insisting  upon  reallstle  field  testing. 


Abort  an  bo  w«f  tho  chompioihof  tho  indlvfdna]  Boldin’  in  oMring  to 
xoduci  tito  wofght  fttid  bulk  of  wbafc  tho  ooldler  Is  oxpoetad  to  eany. 

Wb  fo  ^  QMitomuMtor  Corpo  otaad  In  froot  dobt  to  Sir  Habort 
Woorodoo^rptoodthathoehoootofpond  hla  loot  jeon  workfaif  In 
onr  mldit.  In  recognition  of  that  debt;  ont  of  tho  ftillneea  of  that  prld^ 
and  on  behalf  of  tho  entire  U.  S.  Armr  Qaartermaater  Corpo,  1  hexebr 
dedicate  thia  fadlltr  at  the  Qoartemuater  Reaeareb  and  Engineering 
Canter  aa  the  Wllklna  Arctic  Teat  Chamber. 


Appcfidiz  n 

CONFERENCE  DINNER 

The  Boaton  Muaeum  of  Science  waa  the  aetting  for  tho  banquet 
Thnraday  orening  (1  December  1960).  Dr.  Parks  opened  the  pro* 
gram  with  a  general  welcome  and  spedal  recognition  for  some  of  the 
people  Inatmmental  in  organizing  the  conference.  He  then  Introduced 
the  boat,  Dr.  Washburn,  IMrector  of  the  Muaeum.  Dr.  Waahbom  spoke 
MoBj  noting  that  the  great  men  who  pioneered  In  Arctic  exploration 
laid  the  foundation  upon  which  present  and  future  knowledge  for 
llelng  in  that  area  can  be  built  and  that  It  la  moat  fitting  to  turn  the 
back  briefiy  to  paj  tribute  to  these  courageous  men.  He  then 
turned  tha  program  over  to  the  toastmaster,  Lowell  Thomas. 

Mr.  Thomas,  who  knows  many  of  the  early  Arctic  explorers  per* 
aonally,  did  a  superb  Job  of  describing  some  of  tho  first  explorations 
Including  many  humorous  anecdotes  concerning  the  people  involved. 
He  showed  slides  and  films,  and  with  a  little  help  from  Dr.  Stefanasen, 
Admiral  MacMillan,  and  Dr.  SIpIe  took  the  audience  back  to  those 
wonderful  days  when  the  Arctic  challenged  venturesome  explorers  to 
seek  out  her  mysteries.  Finally  he  called  upon  Mrs.  MacMillan  to  say 
a  few  words.  Having  been  on  nine  expeditions  herself  and  with  a 
wonderful  wit  and  ability  to  tell  a  good  story,  Mrs.  MacMillan  literally 
brought  down  the  house  by  relating  a  number  of  highly  amusing 
Incidents  of  life  with  her  famous  explorer  husband.  The  group  left 
feeling  well  fed  and  very  weil  entertained. 
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NATIONAL  ACADEMY  OF  SCIENCES 
NATIONAL  SESEABCH  COONaL 

TIm  Natioiul  AcMdemy  of  Sdenees-Natloiul  Besearch  Cmmdl  l§  a 
private,  nonprofit  or^an^tion  of  adentiata,  dedicated  to  the  farther* 
ante  of  adraee  and  to  ita  oae  for  the  geneni  welfare.  The  A  vlemy 
ftaelf  waa  establiahed  in  18d3  under  a  eongresaional  charter  aigned  by 
President  Lincoln.  Empowered  to  provide  for  all  activltfea  appropriate 
to  acado^  of  adenc^  it  waa  also  required  by  Ha  charter  to  act  aa 
adviaor  to  the  Federal  Government  in  adentifie  matters.  This  provl* 
aUm  accounts  for  the  close  ties  that  have  always  eadated  between  the 
and  the  Government,  althougir  the  Academy  is  not  a  govern* 
mental  agency. 

The  Natio^  Beaearch  Council  waa  establiahed  by  the  Academy  in 
191A  the  request  of  President  Wilson,  to  enable  sdentiate  generally 

to  assodate  tb^  efforts  with  those  of  the  limited  membership  of  the 
Aeadeny  in  service  to  the  nation,  to  aodete*  and  to  sdence  at  home 
and  abtmuL  Members  of  the  National  Beseanh  Council  recdve  t^r 
appointments  from  the  President  of  the  Academy.  They  indrde  repre* 
aentatives  of  the  Federal  Government,  and  a  number  of  memhen  at 
large.  In  addition,  several  thousand  adentista  and  engineers  take  part 
.in  the  activities  of  the  Besearch  Council  through  membership  on  its 
vaxioos  bcMurds  and  committees. 

Becdving  funds  from  both  public  and  private  sources,  by  contribu¬ 
tion,  grant,  or  contract,  the  Academy  and  its  Besearch  CotmcH  thus 
woric  to  st&nnlate  research  and  its  applications,  to  survey  the  broad 
poaribilities  of  sdence,  to  promote  effective  utilization  of  the  sdentifie 
and  technical  resources  of  the  country,  to  serve  the  Government,  and 
to  further  the  general  interests  of  sdence. 

ADTISORT  BOARD  ON 

QUARTERMASTER  RESEARCH  AND  DEVELOPMENT 

’  Recognizing  the  need  for  independent  adentiflc  advice  on  his  re¬ 
search  and  development  program,  the  Quartermaster  General,  in 
1943,  requested  advisory  services  and  for  this  purpose  established  a 
formal  contract  with  the  Academy-Research  Council.  To  fulfill  the 
terms  of  this  agreement,  the  Committee  on  Quartermaster  Problems 
was  orgonized  by  the  Academy-Research  Coundl  under  the  Division 
of  Engineering  and  Industrial  Research.  In  1943,  the  scope  of  the 
Quartermaster  advisory  activity  was  broadened,  and  the  conunittee 
was  reorganized  as  the  Advisory  Board  on  Quartermaster  Research 
and  Devehpment, 

The  objective  of  the  Advisory  Board  on  Quartermaster  Research 
and  Development  and  its  committees,  by  providing  scientific  and  tech¬ 
nical  advisory  services  to  the  Quartermaster  Research  and  Engineer¬ 
ing  Command,  Natick,  Massachusetts,  is  to  aid  the  Quaitennaster 
Corps  in  the  most  efficient  achievement  of  Jie  Corps  mission — pro¬ 
tecting,  feeding,  and  supplying  the  combat  soldier  in  any  future 
emergency. 


